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is perpetuating 
steel can be made without scrap, or, syn- 
thetic scrap can be made directly from 


iron ore. 


u of Mines claims to have 


one method which has proved out at 
around $12 @ ton. While this price seems 
low, under present conditions it could be 
double and still represent a tidy saving. 


Boxed Aluminum Sheet for Small Parts 
—Aluminum industry leaders feel that 


many small stamped 


and formed 


articles now made of tin plate, block plate 
and brass could be made more efficiently 
in aluminum. The only draw-back has 
been in obtaining the aluminum sheet in 
forms as convenient as the older materials. 
Now aluminum is being marketed as 
boxed utility sheet—cut sheets of various 
thicknesses. The sheet can be worked with 
standard sheet metal tools, and, on a vol- 
ume basis, the cost of product is low be- 
cause of ease of working and finishing. 


Use Stainless, but With Caution—We 
should not be beguiled by the fact that 
stainless steel is mow comparatively easy 
to get. It takes a great deal of chromium 
to make stainless, and chromium remains 


| a deficit metal. Chromium is a AAA-1 


material on the military strategic list. Also 
important is the fact that much of the 
high grade supply lies across a narrow area 
from Yugoslavia to northern India. The 
Soviet could walk in there at the drop of 


a hat 


Stainless should be used for its 


special properties. When heavy plate is 


requ 


red, stainless clads can be used. 


Secondary Lead May Be Scarcer—-Too 


muci 


the 
cel} 
iast 


DE 


optimism should not be read into 
ct that in spite of big drops in re- 
and stocks of lead scrap ever since 


March, both receipts and stocks are 
iigher than at any time during the 


ead scrap is important in the meta! 

picture because, before the war, 
red lead from scrap constituted 50% 
al production of refined lead. We 


t hope for that proportion of the 
by now from scrap sources. Greater 


ties of lead lately have been going 


ionrecoverable uses. Furthermore, the 
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American industry consumed an average 
of about 50,000 tons of recovered lead 
per month this year. A drop to about half 
that amount can be expected. 


Nonmetallic Cutting Tools—DMilitary au- 
thorities have released information on 
work done by Dr. Eugene Ryschkewitch 
on ceramic cutting tools for the Germans. 
The tools were made by sintering alu- 
minum oxide powder. No metallic binder 
was used. Cutting speeds as high as 3000 
ft. per min. were used in turning alu- 


minum-silicon alloys with the ceramic 
tools. 


Beware of Strategic Materials—In. con- 
nection with metal futures, there is no 
movement in sight which would keep sup- 
ply in pace with research into “super” 
metals needed for superchargers, gas tur- 
bines and jet engines, where high strength 
is needed at high temperatures. Some of 
these “super” alloys requitfe as much as 
50% chromium; some as high as 50% 
cobalt. Unless new foreign sources are de- 
veloped, or new ways devised to utilize 
low grade ores, an extensive program to 
build the newest types of aircraft would 
cut off cobalt, chromium, tungsten and 
columbium from all ordinary uses. 


Plastic Paints—There have been com- 
plaints that the term “plastic paint’ has 
been abused since some of the finishes 
contained little or no plastic. Now, how- 
ever, there are a number of real plastic 
base paints on the market, which, without 
baking, will provide finishes that are re- 
sistant to oils, alkalies and to staining. 
One new polyviny! water-emulsion finish 
dries in a half hour to a hard, durable 
coating. In spite of the fact that water is 
used as a vehicle and thinner, such a paint 
will withstand repeated washings and 
scrubbings. Another new alkyd-urea-mela- 
mine paint gives good hiding properties 
on metal articles with one spray coat, and 
the finish is resistant to water and alkalies. 


Chromic Acid Shortage—aA severe short- 
age of chromic acid has caused a degree of 
hardship to a number of plating plants. 


The combined efforts of the National 
Association of Metal Finishers and the 
smail business division of the United 
States Department of Commerce halted 
exportation of approximately 250,000 Ib. 


_of chromic acid during the final months 


of 1947. This action alleviated the situa- 
tion somewhat, at least keeping it from 
getting worse. 


Tin Still To Be Tight—Government ma- 
terials experts are tightening their belts 
for a tussle with industries employing 
scarce tin in “non-essential” uses. The 
control powers inherited by the Depart- 
ment of Commerce from the defunct WPB 
are of dubious legality, but tin conserva- 
tion is backed by the Munitions Board 
and will undoubtedly have public support. 
First to feel the effects of any crackdown 
will be tin plate for containers, except con- 
tainers for acid foods, and tin plate for 
toys and novelties. Then, if necessary, it 
may hit high-tin solders and high-tin 
bronzes and bearing metals for all except 
applications where considered “essential.” 
The tin metal supply predicted by the Tin 
Study Group last year hasn't materialized. 


Metal Cutting Tools With No Tungsten 
~——German technicians were able to pro- 
duce a hard cutting alloy without the use 
of tungsten and cobalt. They produced 
titanium and vanadium carbides by car- 
burizing the oxides in a hydrogen at- 
mosphere. The carbides thus made were 
ball milled, sifted through a 1000-mesh 
screen, ball milled with iron powder, and 
then compacted and sintered. The sintered 
tools were used for machining steel, non- 
ferrous metals and plastics. They have less 
strength than cobalt-bonded tungsten car- 
bide tools, but show less cratering. 


Why Export Steel Pipe—The reason be- 
hind recent approval for export of 20,000 
tons of desperately-short steel pipe lies in 
the international political picture. The 
Near East is one of the world’s greatest 
petroleum areas, and if British-American 
interests do not develop this field the 
Russians will. Before the British an- 
nounced withdrawal from Palestine, the 
1100-mile pipeline was switched to pass 
north of the fighting zone through all- 
Arab territory. Department of Commerce 
approval of the pipe export was routine; 
Army and Navy pushed the project as a 
military necessity. Many observers feel 
that this is only a start on future steel 
needs of the Near East. 





This is no idle promise. It is a proved 
fact, demonstrated day after day in the 
production of widely varied parts and 
products. Three tons of N-A-X HIGH- 
TENSILE are yielding as many finished 
units as were previously yielded by four 
tons of carbon sheet steel. 


This “new arithmetic in steel” is help- 
ing overcome steel shortages for scores 
of manufacturers. They are taking ad- 
vantage of N-A-X HIGH-TENSILE’S greater 
strength and corrosion-resistance to re- 
duce sections an average of 25%—and still 
provide greater strength and durability 


site STEEL 


than can be obtained with thicker sec- 
tions of mild-carbon steel. 


At a time when America must make 
fullest use of its steel-producing capaci- 
ties and conserve its natural resources, 
the trend to N-A-X HIGH-TENSILE has 
national significance. Each ton produced 
represents a potential 33% increase in 
finished goods. Each ton used enables 
the manufacturer to get 33% greater 
usefulness out of his steel supply. 


Investigate the opportunity to make each 
ton of sheet steel go farther—through the 


superior quality of N-A-X HIGH-TENSILE, 


GREAT LAKES STEEL CORPORATION 


N-A-X ALLOY DIVISION, DETROIT 18, MICHIGAN e UNIT OF NATIONAL STEEL CORPORATION 


COPYRIGHT 1947, GREAT LAKES STEEL CORPORATION 
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by Harold A. Knight News Editor 


Up From the Age of Jim Cracks 


Because of our modern sophistica- 
tion, we have lost forever some of the 
gew-gaws of life that were so dear 
to the pee-pul of the “gay nineties” 
and the eager eighties—such things as 
the wooden Indians in front of cigar 
stores, the large globes of colored 
liquids in drug stores, the cast iron or 
cast bronze deer on the lawns of the 
well-to-do, the ingenious mechanical 
toys that did everything from playing 
a squeaky fiddle to shaving a bearded 
giant. 

There is one prosperous manu- 
facturing concern that started in such 
an era with typical products of those 
times—sheet metal statues, cornices 
and various ornamental jim cracks, 
but kept pace with the times, evolv- 
ing through metal boats, metal laths, 
signs, cook stoves, gas pumps, radiator 
covers, auto trailers, window frames, 
washing machine tubs, automotive 
stampings and kitchen equipment. 

The Mullins Manufacturing Corp. 
tells it all im an attractive booklet, 
The Story.” They acquired fame 
early in life by making out of sheet 
meal the noted statue of Diana which 
graced the top of Madison Square 
garden in New York for so many 
years—a statue whose nudity shocked 
the good people of the nation. 

he “story” is 75 years old. The 
Pe nsylvania Railroad sold a wrecked 
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locomotive at auction, the highest 
bidder having been William H. Mul- 
lins. After he had dismantled the 
locomotive and sold the parts, he had 
$1000 with which to buy into a man- 
ufacturing business at Salem, Ohio. 
Within a few years the company’s 
sheet metal statues were known 
throughout the world. It was the Vic- 
torian era in American architecture 
when buildings were really fancy. 
The desired figure was modeled in 
clay, and from this plaster casts were 
made. From these, dies for the hot 
stampings were fashioned, the lower 
die of cast zinc and the upper die of 
lead, the latter fastened to a drop 
hammer. Hot stamping was a ticklish 
business and a perfect stamped part 
was a tribute to the workman’s skill. 
The stamped parts were assembled 
and soldered together. When the joint 
was smooth it was almost invisible. 
Such stamped statues rapidly replaced 
those of carved stone or cast bronze 
because they were cheaper and lighter. 
Most famous was the 18-ft. goddess 
Diana atop the old Madison Square 
garden (then on Madison Square), 
designed by the great sculptor, Au- 
gustus St. Gaudens. He arrived in 
Salem in 1890 to work on the plaster 
model of the huntress. Temperamen- 
tal, he threatened to give up the 
whole project when Diana's big toe 


x ag 


fell off the plaster model. Luckily a 
successful impromptu operation, un- 
known in the archives on surgery, 
was resorted to and presto!—the toe 
was in place and the situation was 
saved. 

When that hussy, Diana, was in- 
stalled above New York’s busy streets, 
women’s clubs demanded that this 
shameless creature be taken down. 
Newspapers increased their circula 
tions by arguing pro and con. At 
length St. Gaudens added draperies of 
a sort which he later removed because 
they spoiled the harmony of the fig- 
ure. Used as a weathervane, Diana 
registered the most fickle winds and 
the varying sentiments regarding her 
nudity. At length she was shifted to 
Chicago, and in 1932 the 1500-lb. 
sheet copper statue came to final rest- 
ing place at the Pennsylvania Mu- 
seum of Art in Philadelphia. The 
sheet metal employed by Mullins was 
copper, bronze and zinc, the copper, 
of course, costing the most. 

There are, in fact, many interesting 
Mullins anecdotes brought out in 
“The Story.” Their choices of new 
products during the changing eras 
were usually happy ones, though they 
were not without their share of 
troubles. Indeed, their history is the 
typical one of the old American en- 
terprise that survives today, which 
knew when to shift its products, yet 
kept within lines it was capable of 
manufacturing. “The Story” should be 
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For products that have to withst@ingh hard wear outdoors or 
indoors, the high quality and instant eye appeal of stainless steel 
; ; et A 
give a decided sales impetus. a a 
The superiorities that have won leadership: for ‘Sharon Stain- 
less are the result of precise control from ore to finished product. 
This gives a strip uniform in gauge and strength, that fabricates 


easily and has a permanent, brilliant lustre. 


Wherever utility and permanent beauty are required, specify 
Sharon Stainless Steel Strip with confidence. Furnished in coils 


for long machine runs or in cut lengths, as desired. 


SHARON STEEL CORPORATION ‘ 3 
: SHARONSTEEL 
wHhaiton, PW’ cCxHoacQeania 3 


PRODUCTS OF SHARON STEEL CORPORATION AND SUBSIDIARIES: THE NILES ROLLING MILL COMPANY, NILES, OHIO; DETROIT TUBE AND STEEL COMPAN’: 
DETROIT, MICHIGAN; BRAINARD STEEL DIVISION, WARREN, OHIO; SHARONSTEEL PRODUCTS COMPANY, DETROIT, MICHIGAN, AND FARRELL, PENNS! 
VANIA, Hot and Cold Rolled Stainless Strip Steel — Alloy Strip Steel — High Carbon Strip Steel — Galvanite Special Coated Products — Cooperage Hoop — Detroit eamiess 
Steel Tubing — Seamless Steel Tubing in Alloy and Carbon Grades for Mechanical, Pressure and Aircraft Applications — Electrical Steel Sheets —Hot Rolled Annee ed and 
Deoxidized Sheets — Galvanized Sheets —-Enameling Grade Steel — Welded Tubing— Galvanized and Fabricated Steel Strip — Stee! Strapping, Tools and Accessorie’. 


DISTRICT SALES OFFICES: Chicago, Ill, Cincinnati, O., Cleveland, O., Dayton, O., Detroit, Mich. Indianapolis, Ind. New York, N. Y., Philadelphia, Pa., Rocheste’ '. Ys 
Los Angeles, Calif., San Francisco, Calif., St. Louis, Mo., Montreal, Que., Toronto, Ont. 












must reading for the student who 
wishes to learn what made America 
tick industrially through all these 
year Ss. 


Another Metal Show 


Once more we have returned from 
our annual jaunt to the Metal Show. 
By this time our feet have recovered 
from their weariness and our mind 
has had a chance to evaluate the Show 
and the concurrent meetings. 

Our general reaction to the Show 
is less than enthusiastic. This is 
likely due to a number of things, in- 
cluding the location of the show 
arena, scattering of meetings all over 
Chicago, chopped up layout of the 
show building, and the fact that there 
was too little shown that was new. 

On the favorable side is the new 
plan of cutting down on the number 
of papers presented at the technical 
sessions. In former years those in- 
terested in hearing papers were often 
confronted with the problem of de- 
ciding which of three or four papers 
they really should try to hear. 

Perhaps the most interesting of the 
new equipment shown was the auto- 
matic flame hardening machine de- 
veloped by the Cincinnati Milling 
Machine Co. Whenever we ap- 
proached this booth there was an in- 
terested crowd watching the machine 
automatically heating, quenching and 
conveying a production job. 

Just how rapidly progress is béing 
made in the field of metals engineer- 
ing was forcibly brought home by 
Carboloy in its booth. Can you imag- 
ine any such booth a few years ago 
not being filled with cutting tools of 
all shapes and sizes? This year Car- 
boloy'’s booth didn’t have a single 
cutting tool. There are now so many 
other applications of carbides that 
the exhibit was completely built 
around them. 

While there was considerable grip- 
ing about the show’s location in the 
vast Chicago stockyards, we noticed 
that a good percentage of the visitors 
took advantage of the location to fill 
up on the steaks available in the 
idle and Sirloin Club. They were 
good! 

Our over-all reaction to the Show 
is that we would have missed little if 
we hadn’t gone. Three shows in less 

Nn two years doesn’t permit too 
much time for developments to reach 
the state where they can be shown. 
the other hand, sponsors of the 
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Show insist that if there were no 
demand for the Show it wouldn’r be 
successful. Our contention is that 
mere attendance is not a guide as to 
the usefulness of a show. Many of 
those attending an affair of this type 
are drawn to the technical meetings 
and visit the show casually. 


Washington Words of Wisdom 


As has been mentioned in these 
columns before, a session for business 
paper editors is held every six weeks 
or so in Washington. Their purpose 
is to provide editors with background 
information on governmental activi- 
ties. The impression gained from the 
last visit is that everyone in Washing- 
ton has some active interest in the 
so-called Marshall plan. Most of them 
are for it—but most also feel that 
their department, bureau or what- 
have-you, should have charge of 
handling the distribution of moun- 
tains of supplies to be given, loaned 
or sold abroad. 

Although there is much room for 
doubt, some officials declare that ex- 
ports planned under the Marshall 
plan will not exceed shipments abroad 
this year. Several pointed out that one 
of the problems is to siphon off the 
weak currency of many Western 
European nations to reduce the infla- 
tionary tendencies existing. 

Everyone seemed to concede that 
some type of relief plan would be 
put into effect, but no one would 
stick his neck out to predict the 
amount or duration of such relief. 
Stricter export controls will be re- 
quired over many items—particularly 
steel—if the program is to keep in- 
flation from getting out of hand at 
home. 

Taking its cue from England and 
France, Washington has become 
aware of the need for high industrial 
productivity as another barrier against 
inflation. In England, the fact that 
workers have too much money in re- 
lation to the goods available has 
resulted in the attitude: “Why work, 
we can’t buy anything anyway?” So, 
they take a few days off each week 
and over-all production drops. 

No matter from which direction 
you look at it, the world is in a bad 
way, politically, physically, economi- 
cally, mentally and morally. 


Pollution by Industry 


Every so often an industry bobs up 
as a public nuisance, try as hard as it 


may to eliminate its anti-social fea- 
tures. Many a manufacturer has pol- 
luted streams and killed fish by de- 
positing waste products in them. 
Others, such as metal smelters and re- 
fineries, have thrown off obnoxious 
gases that have killed vegetation, in- 
cluding farm crops, for miles around. 
Along comes a new form of public 
nuisance—though we hasten to add, 
intelligent steps are being taken to 
correct it. 

We refer to high frequency heating 
machines that tend to interfere with 
radio broadcast receiving, with tele- 
vision, commercial and airplane radio 
messages. At a recent meeting of the 
Induction & Dielectric Heating Ap- 
paratus Div., National Electrical Man- 
ufacturers’ Assn. at Atlantic City, 
which one of us attended, progress 
was reported through cooperation be- 
tween equipment makers and the 
Federal Communications Commis- 
sion. Dielectric heating is the chief 
offender. 

Three allocations for industrial, 
medical and scientific equipment were 
granted by the F.C-C. on May 17, 
1945—13.66, 27.32 and 40.98 mega- 
cycles, with plus or minus 0.05% 
tolerance for the first and third, and 
0.5% for the second. 

A public notice has been issued by 
F.C.C., proposing that additional fre- 
quency allocations be made at ap- 
proximately 6 meg. per sec., and at 
915, 5850, 10,600 and 18,000 mega- 
cycles per sec. Hence, it would seem 
that this government body is making 
every effort to help the high fre- 
quency heating industry find a place 
in the radio frequency spectrum. 

Thus, another form of industrial 
pollution is being solved. 


Shotguns 


Many of the finest sportsman’s 
shotguns ever made were manufac- 
tured within our lifetime, but today 
they are as obsolete as the defunct 
dodo, although they still function 
perfectly. Their barrels were made 
by the twist or laminating process, 
formed by wrapping a strip of steel 
spirally over a core. Such guns were 
marvels of beauty and balance, states 
the Lindberg Steel Treating Co. in 
its house organ. The twisted strips 
were welded or brazed together, the 
core removed and the bore completed. 
Instead of the modern bluing process, 
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the barrels were browned and pol- 
ished to a beautiful finish. 

Many of the ancient masterpieces 
are around today, in hands of col- 
lectors and owners. But they aren't 
safe since modern smokeless powder 
loads of minimum velocity may burst 
them after a few shots. The high 
speed powder charges used for shoot- 
ing ducks and geese at long range 
would blow them to kingdom come. 
Modern shotgun barrels of alloy steel 
are proof tested with double the loads 
that would shatter the firearms of 
our fathers. 

The transition from the old twist 
or “Damascus” barrel to the modern 
shotgun is mainly a story of metal- 
lurgy and heat treating. Some of the 
finest gun steels in the world are made 
today in American small arms plants 
and heat-treated by methods originat- 
ing here. Other fine gun steels are 
made in Birmingham, England. There 
and at London gun making has 
reached high perfection. 

There's more that meets the eye 
than the barrel. Coil or V-shaped 
springs drive the firing pin against 
the primer, and in the life of the 
average gun these springs are com- 
pressed and released many thousands 
of times. As many as 250,000 shots 
have been fired from inexpensive 
American guns, and probably another 
quarter million would find them 
working perfectly. 

The great majority of American 
guns sell under $200, whereas fine 
guns of England range up to $1500 
and while the latter may be more 
delicate in balance and “feel”, they 
perform no better, nor last longer. 

The secret of the good American 
guns is heat-treating. American steel 
treating is unexcelled. 


Lukens: Where History Is Made 


What the United States does not 
have much of by comparison with 
Europe, for instance, is history. A 
span of 154 years, by American stand- 
ards, constitutes genuine history and 
this is the span of the Lukens Steel 
Co., which held open house in a 
rather elaborate way on Sept. 11 to 
an impressive list of government 
leaders, publishers, editors, radio com- 
mentators, industrialists and others. 

There is much that is fascinating 
in the history of Lukens, best known 
because it can make the widest steel 
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plate in the world—195 in. wide, or 
25 in. thick, weighing as much as 
111,000 lb. It was a Lukens plate that 
first furnished armor for an American 
battleship, the S. S. Codorus—using 
the plates in boiler and hull. 

It has been a company of sons-in- 
law. The present company’s name is 
in honor of the first son-in-law, Dr. 
Charles Lukens, originally a physician 
who switched his doctoring from 
humans to sick iron-making machin- 
ery. Abram Gibbons, Jr., son-in-law 
of Mrs. Rebecca Lukens, became a 
partner in 1843, as did Dr. Charles 
Huston, another son-in-law in 1849. 

A son-in-law of Abram F. Huston, 
one-time chairman, is the present 
president, Robert W. Wolcott. 

In 1793 a young Quaker farmer, 
Isaac Pennock, purchased a mill at 
Rokeby, four miles south of Coates- 
ville, Pa., setting up a “slitting” mill, 
the first product being charcoal iron 
rods for general blacksmithing use. 
Later the rolling of sheets and manu- 
facture of cut nails were added. 

Perhaps the most remarkable phase 
of the company’s history was the 
management of the mill by Rebecca 
Lukens, daughter of the founder, who 
presided from 1825 to 1854. Wid- 
owed at 31, she took over a nearly 
bankrupt iron works and developed 
it into one of America’s important 
steel companies, bringing up four 
children meanwhile. 

Rebecca adored her father and was 
fascinated by the mechanical work- 
ings of the mill. She observed that her 
father was fair and generous with his 
workmen; she heard him drive fair, 
but shrewd bargains for his raw ma- 
terials and on sales of his goods; she 
absorbed from him his courage. 

Upon her father’s death her hus- 
band took over the mill and upon his 
death in 1825 it was thrown into 
her capable lap. Though she had re- 
ceived no training for business she 
had been schooled in organizing and 
running a house. She herself bought 
mill supplies, studied prices, met pro- 
spective customers and attended to 
their inquiries and orders. 

Rebecca studied legislation that af- 
fected her business and campaigned 
with other iron masters for a sufh- 
ciently protective tariff. She built ten- 
ant houses for her workers, and when 
it was necessary to raise production 
to 500 tons yearly she created an in- 
centive fund. In 1837 she was con- 
fronted by a severe business panic. 
A neighboring mill owner quarreled 


with her for years over water powe 
rights. She was saddened by a lawsyi, 
over her father’s will. 

She was justly proud of her enter. 
prise—"a very superior mill, though 
a plain one.” In 1844 she wrote: “Quy, 
character for making boiler plate 
stood first in the market.” 

Despite her business responsibilj. 
ties Rebecca led a well-rounded life 
In early years she read all the books 
and periodicals she encountered—anq 
late into the night. She relished enter. 
taining and passing the time of day. 
She found plenty of time to tell he 
children bedtime stories. She was an 
expert horsewoman. 

It has been the thousands of Rebec. 
cas who have contributed immeasur. 
ably to America’s success. And it was 
hundreds of persistent ironmasters of 
yore—like the Pennocks and Lukens 
—who laid the foundation for 4 
United States steel production that 
is now larger than all of the rest of 
the world together. 


A Strike! 


There was a standard gag during 
ye olde minstrel days that ran as 
follows: “Sambo, you seem to be 
steadier and less nervous than you 
were. How come?” 

“Well, Mr. Bones, I now lives ina 
quiet and restful place—So quiet you 
can hear a pin drop. I lives over a 
bowling alley.” 

Those were the days of wooden 
pins. Comes Light Alloys, Ltd, of 
Renfrew, Canada, with a magnesium 
bowling pin which they claim is 
uniform, accurate in weight and di- 
mensions and of long life. 

We can imagine, too, that they are 
less noisy when they drop. To begin 
with, magnesium has a dampening 
effect against vibration, which is one 
of the points in ivs favor as wheels 
of airplanes and automobiles, for 
instance. It will be interesting to see 
how the “mag” bowling pin holds 
up under impact and abrasion. And 
how will it behave when the bowling 
alley is at a humid seaside summer 
resort such as Atlantic City? It should 
not swell, contrary to its wooden 
cousin. 

As to its probable bowling quall- 
ties, from the sports standpoint, we'll 
have to consult our sports editor, T. 
C. Du Mond, editor of “The Last 
Word,” page 212, a bowler of 10 
mean scoring ability. What say, Ted? 
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Dear Reader: 


This really isn’t an editorial so much as a letter to you from 
us concerning the work that you do and the kind of assistance 
in that work that this magazine can render to you. It isn't a 
“sales” letter, either, since you're already a customer—i.e. 
you're a reader of the magazine. Perhaps you might regard 
it as a “service” letter, inquiring as to Ie 2 you re getting 
the most you can out of this publication and suggesting means 
by which you might increase its utility. 

Your working life today (as ever) is full of problems. Since 
you are a reader of M&M we may assume that these problems 
are largely concerned with the materials to be used or being 
processed for some kind of fabricated products. We consider 
our mission to be easing your way through the labyrinth of 
questions and decisions on materials and their processing you 
must face—what new materials are available? What are their 
characteristics in comparison with older materials? What 
material is best for each specific application? What stand- 
ards, specifications and tests exist for the material you want 
to use? What is its supply and price situation? 

Again, can a material under consideration be processed 
using the methods and equipment available in your plant? 
Which types of raw-material parts should be considered for a 
given product—forgings or castings or screw machine products 
or stampings or plastic moldings or what? What finish should 
be applied to improve the beauty or surface characteristics 
of a material? Which processes should be employed with 
the material selected—what methods and equipment for forg- 
ing, forming, heat treating, welding, machining and finishing 
give the best results and the least trouble with it? How can 
you eradicate the “bugs” that accompany the hardening or 
the machining or the soldering or the casting of a certain 
hard-to-handle material? 

The purpose of your editors is to provide the kind of infor- 
mation that will help you to answer these questions and dozens 
of others like them. Obviously no technical magazine can 
supply ready-made the correct, detailed solutions to your 
specific and often complex problems, but engineering journals 
can and do supply the background and formulas from which 
you can efficiently extract your own solution. In our case we 
publish descriptions of new materials, descriptions of new 
processing methods and equipment for materials, engineering 
data on the properties and workability of all types of mate- 
rials, comparisons of specific materials and processes based 
on “case history” examples, detailed procedures recommended 
for processing individual materials, and specific solutions for 
some widely-met problems worked out by certain plants. We 
try to provide in one general and continuing program all the 
background information on materials and their processing 
which an intelligent engineer, metallurgist or production man 
would require for solving his “materials” problems. 

All this is of little value to you if we fail to delineate our 
coverage clearly enough or to organize our material efficiently 
enough for you to seize upon it and use it as the effective 
engineering tool it is designed to be. This “letter” should 
explain what we are doing as an information purveyor, so that 
you can make the maximum use of the service as presently 
constituted. 

Now why don’t you tell us what additions to or improve- 
ments in this editorial program would make it even more 
valuable and interesting to you? 

FRED P. PETERS 
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Taking the Distance 
Out of Your Steel Problems 


Urgently needed by a Los Angeles engineering com- the seemingly impossible in an incredibly short time. 
pany, was a large shipment of stainless steel pipe in And that’s the sort of far-reaching service you can 
a special size. A call to the Ryerson plant in Los 
Angeles disclosed that the required pipe was not in 
Los Angeles stock, but was on hand in another city. 

Ryerson Los Angeles immediately phoned Ryerson 
in Chicago. Could Chicago supply the desperately 
needed pipe? Chicago could—and did! The material 
was quickly trucked to a Chicago airport, flown to 
Los Angeles, and delivered at the customer’s plant 
the following morning, less than 24 hours after the 





look for when you contact any Ryerson plant for any 
steel requirement. 

Joseph T. Ryerson & Son, Inc. Plants at: New 
York, Boston, Philadelphia, Detroit, Cincinnati, 
Cleveland, Pittsburgh, Buffalo, Chicago, Milwau- 
kee, St. Louis, Los Angeles. 








PRINCIPAL PRODUCTS 





order was received. Bars—hot and cold rolled | Mechanical Tubing Tool Steel 
r “e Pull ‘ oe . alloy steel Boiler Tubes and Fittings Wire, Chain 
That’s how Ryerson when the steel is available ‘iain Abihntaiia Clan thee 
—can take the distance out of your steel problems. Structurals sheets, plates, shapes, Babbitt 
Plates — bars, tubing, etc. Metal Working Too 


That’s how the twelve closely cooperating plants of Inland 4-Way Floor Plate Sheet and Strip Stee! & itueltanss, ok 


the Ryerson Steel-Service System often accomplish | 


RYERSON STEEL 
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Make It Smaller, Make It Lighter, 
Make It Work 


At a symposium upon printed cir- 
cits held in Washington, Capt. Frank 
Akers of the Naval Bureau of Aero- 
qautics told the group that at the out- 
break of the war a sign had been hung 
in one Of the bureau offices reading 
‘Make It Smaller, Make It Lighter.” 
Later, someone added to this “Make It 
Work.” This need for smaller, lighter 
equipment, always pressing in aero- 
nautics, has become a general trend 
throughout industry, and there is every 
reason to believe that it will continue 
with increased force. 

Later, speakers at the same sympo- 
sium pointed out some of the less ob- 
vious reasons why the military sought 
smaller, lighter equipment, and these 
reasons are well worth calling to the 
attention of industry in general. In 
all branches of the transportation in- 
dustry there has been, of course, the 
recognition that any dead weight above 
the necessary minimum reduces pay 
load. Manufacturers in other industries 
are beginning to recognize that larger, 
heavier machines or parts frequently 
represent uneconomical use of mate- 
rial; that they require higher bulk in- 
ventories; that they are sometimes 
more costly or less reliable in operation 
when used in moving machinery, and 
that they require more plant space for 
their fabrication. These reasons are 
not universal, by any means, but they 
are frequently applicable. 

The printed circuits being consid- 
ered were an excellent case in point. 
In addition to light weight, they made 
possible the wiring, by semi-automatic 
processes, of a complete circuit, re- 
ime. placing the slow and costly construc- 
tion of cord sets or placing of wires 
one at a time. The pile of wire of 
any many sizes became a silver paste; re- 
sistors were no longer stocked in a 
range of sizes, but were made up to 


can 


New oe 
requirements from basic ingredients. 

ati, (Incidentally, it was this very develop- 

au- ment that won the grand prize in the 


1947 Materials & Methods Achieve- 
ment Award, announced in our last 
issue. ) 

The fact that a manufacturer can 
now pay a premium for materials that 
will save on swollen labor costs is one 
of the most significant recent changes 
in the materials and processing out- 
7 lock. It is equally true that the mate- 
tials engineer can now make a sub- 
stantial saving if he can reduce the 
amount of these more costly materials 
ne ded for a given piece of equip- 
mat, without impairing the efficiency 
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or operation of that equipment. We 
find, then, the tendency toward minia- 
turization following closely behind the 
trend toward increased mechanization 
of processing. 

Another factor of considerable im- 
portance in the trend toward minia- 
turization is the growing use of auto- 
matic equipment. Automatic or remote 
controlled equipment, unattended or 
infrequently examined, must have a 
high guaranteed life rather than a high 
average life, and light weight will in 
many cases make possible the longer 
life of such equipment. 

These are new, but very important, 
trends in industry as it concerns the 
materials engineer. Present indications 
are that they will be intensified, with 
still higher wages as a possibility, and 
that they will constitute the broad pic- 
ture of industrial production progress 


for our present decade. 
—K.R. 


Plea for Natural Materials 


The desire for imitation is one of 
the foibles of the American people. 
They say that the first automobiles had 
a whip socket on the dash board to 
imitate a buggy. One has seen from 
the train rows of houses in the poorer 
districts, where flat roofs were dis- 
guised by a triangular front to give 
the impression of sloping roofs. One 
has observed steel panels of radio re- 
ceiving sets and steel furniture given 
a finish to resemble grained wood. 

In recent years we heard a wail from 
an aluminum manufacturer—a wail 
that ended in a note of hope—to the 
effect that some day aluminum would 


be made to look like aluminum, and 
not some other material. Having just 
then seen some aluminum door knobs 
and other household hardware given a 
finish to resemble brass, we could ap- 
preciate what was meant. That same 
aluminum is one of the most versatile 
materials to take finishes that resemble 
some other material. 

We recall a clubhouse at which we 
were entertained, in the heart of an 
aluminum-producing district, where 
many trimmings were of aluminum, 
with no attempt to disguise it. Shower- 
bath walls were of sheet aluminum, 
with attractive embossed patterns, and 
on which labor costs to install were 
trivial. Lighting fixtures were equally 
attractive and wrought in the manual 
training department of the local high 
school. To carry out the harmony, 
officers of the club smoked cigarettes 
in plain aluminum holders. The over- 
all effect of this aluminum decor in its 
untampered-with state was pleasing. 

And then we are reminded of an 
article in Finish magazine by Don 
Graf, a leading expert on materials in 
the architectural field. Said Mr. Graf: 
“A glance back through the five thou- 
sand years of recorded architectural 
history will reveal no example of a 
building product getting anywhere if 
used in imitation of another.” 

He says further that 90 years ago 
Charles Ruskin wrote “The Seven 
Lamps of Architecture,” one of the 
“lamps” being honesty—honesty in the 
use of materials. Mr. Graf gives as 
illustration. stainless steel tiles. He 
points out that as to stainless, its in- 
herent characteristic is that it is abso- 
lutely uniform in surface, can be made 
in large unbroken panels sans joints, 
and with no color variation. 

“Why cut it up into little squares, 
making its installation more expensive 
and impairing the sanitary aspects of 
the wall with useless joints?” asks Mr. 
Graf, answering his own question by 
remarking that stainless steel tiles died 
aborning when offered on the market. 

Can’t we all recall many instances 
where metals, left in their natural 
state, have proved truly beautiful? A 
copper roof on an old city church, 
rich in its natural patina? Or perhaps 
one of the more modern rigidized ma- 
terials, where a pattern is rolled into a 
metal strip by a process superior to 
embossing, not only stronger, but pleas- 
ing appearance because of its three- 
dimension, two-toned effect? 

So, designers and engineers, think 
twice before you try to disguise a metal] 
or other material. 


—H.AK. 
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These car ends are easily pressed of Inland Hi-Steel on standard pressing equipment. 


INLAND HI-STEEL— reduces weight without sacrificing strength 


® You get nearly twice the working strength of ordinary structural 
steel when you use Inland Hi-Steel, and 50% greater ability to stand 
up under impact loads. That’s why it is practical and safe to plan 
on at least a three to four advantage over ordinary steel in most 
structural applications. In addition, Hi-Steel has about five times the os 
atmospheric corrosion resistance and is far more resistant to abra- =~ 
sion. On mobile equipment, Hi-Steel will eliminate dead weight and 
increase payload without reducing working strength or service life. 

Unfortunately, the present demand for Hi-Steel continues to 
exceed the supply. To make larger tonnages available to you, 
other steel companies have been licensed to make this supe- 
rior product. Write for booklet. INLAND STEEL CO., 
38 S. Dearborn St., Chicago 3, Ill. Offices: Detroit, Indiana- 
polis, Kansas City, Milwaukee, New York, St. Louis, St. Paul. 












a 
HI-STEEL meets the requirements of SAE Specification 950. 


INLAND HI-STEEL 


the Low-Cost, Hi-Strength Steel 
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Engineering Economics of Magnesium 


by HAROLD A. KNIGHT, News Editor, MATERIALS & METHODS 


AGNESIUM HAS BEEN DESIGNATED by some of its 
best friends as a “Johnny-come-lately.” Since it is 
one of the newer engineering materials, it has had 

its ups and downs; its boosters and knockers; its ideal 
applications and misapplications. 

The material has had to fight to gain headway 
fields long taken over by older metals. Magnesium has 
found applications where it fitted ideally and others 
where it did not fit at all. Many potential users have 
tried it and given it up for many reasons, principally 
lack of knowledge of how to apply it Of process it. 
With all this, magnesium is gaining steadily on the 
more deeply entrenched metals. As its uses have in- 
creased, its price has come down, so that now, for 
some uses it is the cheapest material available. 

Many a modern man has chucked magnesium and 
gone back to more time-tested materials. A maker of 
communications equipment, toying with magnesium, 
threw it out the window, figuratively, because he 
learned his fire insurance policy would not permit 
magnesium in his laboratory, pilot plant, or factory 
without raising the insurance premiums. 

A maker of electronic air filters abandoned mag- 
nesium mainly from the standpoint of cost after many 
time studies. However, these instances are not typical 
and often reflect inexperience with magnesium. 

Offsetting that pessimism, note Table 1, which 
compares the complete costs of making a reservoir for 
an oil lubricating machine where one material tried 
was cast iron, the other magnesium. For the 2-pint 
size, the magnesium was 32.3% cheaper while for 
the 4-pint reservoir magnesium was 12.4%less. 

The key philosophy is about as follows: There are 
hundreds, perhaps thousands, of applications, where 
magnesium can compete economically today; there 
will be hundreds of thousands of such economical ap- 
plications five to ten years from now. Thus, when 
magnesium is rolled on continuous sheet steel mills 
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(and it has been demonstrated that it can be done ) 
and other mass production methods have been devel 
oped, the magnesium price will be lower and 


will have forged ahead. 


uses 


General Cost Advantages 


In an analysis of comparative costs of magnesium 
alloys, it is mecessary to base the analysis on the as- 
sumption that the product will have increased sale- 
ability due to the characteristic properties of magne 
sium. Or, due to shortage of cast iron or other mate 
rial, the manufacturer is forced to use magnesium 

Ir is useless to pretend that direct volume-for 
volume cost of a magnesium alloy in comparison with 
another metal will be favorable to magnesium, or 
even equal in the majority of cases. There are specific 
applications where one can redesign or make adjust 
ments in a product so that the price per piece will be 
comparable, or even better than, say, cast iron. But 
these changes probably entail re-tooling, machining 
changes and assembly adjustments—hard to justify 
except on a long-term basis. 

To approach a potential magnesium customer on 
the basis of pure comparative price is sometimes dis- 
astrous unless considerable thought is given to the 
customer's usage and requirements. It must be estab- 
lished that the customer has a 
magnesium alloy. Then the comparative cost of the 
magnesium alloy with the material he is using must 
be analyzed 


One must present the amount of hidden value 


which may take one or more of the following four 
rorms 
1. It is the lightest commercial metal in use an 


the manufacturer can decrease his material handling 
} 


costs and increase the efficiency of moving the ma 


terial through his plant. 


bona fide use for the 
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This magnesium truck train weighs 6000 Ib. less than its counterpart made of the lightest possible steel. Thus, it can carry 3 tons more 
of payload than otherwise, in this instance cement, amounting to a year’s saving of $3,859.20. The life of the truck train is estimated 


conservatively at 6 years. 


2. Magnesium machines better than any other com- 
mon metal-—heavy cuts at high speeds, decreasing 
power requirements and increasing machine efficiency. 
Using a power index of 1 for magnesium, power 
requirements for other metals rank: aluminum alloys, 


1.8; yellow brass, 2.3; 
and nickel alloys, 10.0. 

3. Freight and shipping costs are lowered on in- 
coming materials and finished products. 

4. Greater saleability, possibly at a premium 
price, should absorb higher raw material cost. (A 
department store head recently stated that “magne- 
sium” and “nylon” are the most magic sales words. ) 


cast iron, 3.5; mild steel, 6.3; 


Magnesium Prices 


Magnesium prices will be tied very closely to those 
of aluminum on a volume or footage basis for an 
equivalent cross section. There is only a small differ- 
ential between magnesium and aluminum prices, mul- 
tiplied by 1.6, the volume or footage factor for the 
difference in specific gravity. This generally applies 
for rounds, bars, tubes, shapes, hollow extrusions, 
wire and extruded strip. It does not apply for mag- 
nesium plate or sheet, which is substantially higher 
in cost than aluminum sheet and not particularly re- 
lated for the various individual gages and sizes. Mag- 
nesium sheet, on a volumetric equivalent basis, is 
from 25 to 100% more than aluminum because of 
the manufacturing process and characteristics of the 
material itself. Magnesium sheet will have only spe- 
cial uses, therefore, such as bulk stiffness applications 
in aircraft, or portable facilities, or where welding 
advantages, deep drawing considerations or other 
property might compensate. 

Magnesium extruded products, however, can com- 
pete with aluminum and will be applied with alumi- 
num sheet such as truck bodies, railroad cars and other 
capital equipment items. 

Commenting on the high price of magnesium 
sheets, let us refer to a significant statement of Dr. J. 
D. Hanawalt of Dow, who says that on the present 
conventional magnesium rolling mill the 200-Ib. slabs 
are expensive to cast and scalp. The small slab is 
broken down so slowly in the rolling mill and handled 








so much that it cools off and must be reheated several 
times. 

But let us see how magnesium performs on a 
modern continuous strip steel mill. Cast slabs of Dow 
FS alloy were put through a reversing breakdown 
mill with enough speed and power that the magne- 
sium actually became hotter rather than cooling oft 
while being rolled down from 7 in. to 04 in. in 2 
min. It was passed on hot to the tandem mill, coming 
out and being coiled at 1200 ft. per min. a moment 
later as 0.050-in. sheet. Aluminum has already made 
the transition from small mill to continuous mill. 
Aluminum slabs, 2000 to 3000 Ib. each, are rolled 
and coiled without hand labor and reheating. 


Magnesium vs. Other Metals 


Prewar values are of almost no use in comparing 
fundamental costs and prices. Several have success- 
fully invaded the conventional cast iron market with 
magnesium, especially in the lawn mower and X-ray 
equipment field. Some of these parts are magnesium 
alloy moving and working parts, not merely housings 
and containers. They are fabricating magnesium lawn 
mower parts which are identical with prewar cast iron 
parts at a competitive price per pound, taking weight 
ratios into consideration. Here, and for the X-ray 
equipment maker, there is no reason to believe the 
customer will ever revert to cast iron. 

Several find no particular difficulty in replacing 
aluminum with magnesium where the application 
shows a distinct advantage, and any slight premium 
which accrues to the price is usually acceptable on a 
volume-for-volume basis. Some sell both aluminum 
and magnesium parts and are impartial between them 

By far the majority of magnesium applications are 
based on a desire for weight saving and at a higher 
overall cost than for the material supplanted. In air- 
craft, weight saving is variously estimated as worth 
from $5 to $100 per lb. of weight saved. Aside from 
aircraft, a reduction of dead weight in portable or 
moving equipment will justify a higher cost because 
of greater production speeds or elimination of worker 
fatigue. 

In some cases a magnesium assembly can be built 
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up that saves both weight and cost because of certain 
characteristics involved in the construction. This often 
happens where something is constructed with equiv- 
alent strength, where weight elimination is not of 
major importance. Thus, Beech Aircraft Corp. sub- 
stituted a magnesium monocoque stabilizer for one 
of aluminum, in which equivalent strength was ob- 
tained with 6% reduction in weight and 35% reduc- 
tion in cost. The key to the saving was elimination 
of certain internal strength members. 

Magnesium dockboards in the place of steel have 
weight ratios of 100 lb. to 260 Ib. of steel, the final 
assembly being just as cheap as steel. Magnesium 
sheet airplane oil tanks, welded, have proved lighter 
than aluminum and at about equivalent cost. Magne- 
sium warp beams for the textile industry are as strong 
as aluminum, lighter and little, if any, more expen- 
sive. 

Another company in Michigan used a 6000-Ib. steel 
and wood refrigerated meat truck, but redesigned it 
for magnesium, cutting the weight to 3,000 Ib. In 
that state license fees are based on weight and the 
saving for this meat truck on license fees alone was 
$51 per year. Lightweight bodies also tend to localize 
unavoidable damage and actually protect engine and 
chassis by absorbing shocks. 

The processing cost of magnesium has heretofore 
been the result of an overloaded technique and pro- 
cedure condition. The magnesium industry has been 
inclined to bend over backwards to insure soundness 
and quality of its product since many an infant indus- 
try has been ruined, or set back, by indiscriminate 
application, over-selling and poor manufacturing tech- 
nique. 

There are practical indications that some of the 
processing costs of magnesium can be lowered or 
eliminated. It is indicated that by such steps in some 
applications the physical properties, such as corrosion- 
resistance and surface strength, are improved. 

In comparing the ingot price of magnesium of 
201%4¢ per Ib. with aluminum at 15¢, we find there is 
16 cu. in. of magnesium in a Ib. as against 10.28 cu. 
in. of aluminum. One can thus buy 1.5% more vol- 
ume of “mag” for the same money. (1 cu. in. of 
magnesium costs 1.3¢; 1 cu. in. of aluminum costs 
1.46¢.) This is not enough to offset the processing 
costs of magnesium. The experience of many is that 
the processing cost of magnesium is 10% higher than 
for aluminum. The ratio of volume per dollar is way 
out of line, though magnesium gains by its physical 
properties in many uses and by the fact that cast iron 
parts are invariably over-designed and excessively 
heavy. 

Usually where magnesium competes with steel it is 
in the form of cheap magnesium stampings. No one 
can claim that magnesium approaches the physical 
value of steel except from the light weight standpoint. 

Machining on magnesium sand and permanent 
mold castings can be done at 15% saving over alu- 
minum and at 25% over cast iron. In making aircraft 
landing wheels the machining economy about counter- 
balances higher sand castings costs. If the wheel 
manufacturer had to machine aluminum landing 
wheel castings he would have to largely increase his 
machining equipment and floor space. 
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Magnesium in Aircraft 


Magnesium, where feasible, is a “natural” for use in 
aircraft. At a recent exhibit of the Magnesium Assn. 
one saw a very complex magnesium casting used for 
oil equipment in a de-icing unit. It is not only lighter 
than the aluminum component previously used, but 
is actually cheaper in cost. 

A floor beam of the Douglas C-47 was redesigned 
of extruded magnesium, making a beam that was 35% 
stronger, 25% cheaper and 5% lighter. 

At the Beech Aircraft Corp. it has been found that 
an all-metal surface could be made of magnesium, so 
light in weight that dynamic balancing problems are 
easily taken care of, possible because magnesium is 
only two-thirds the density of aluminum alloys. Mag- 
nesium construction can be simple and involve rela- 
tively few and inexpensive parts, except that the 
actual cost of material is greater per pound. However, 
substantial savings accrue over previously-used fabric- 
covered control surface design. 

While few of the present light airplanes have made 
use of magnesium, that is because most of them are 
still prewar designs. Magnesium gives superior quality 
castings and better casting work can be done with it 
than is possible with the aluminum alloys. 

Toward the end of the war the Navy Department 
actually requested that magnesium castings be used 
as much as possible for Navy aircraft armament, and 
since these were continually used on salt water, it can 
be assumed that the corrosion problem was overcome. 
Magnesium castings have extremely good shock- 
absorbent qualities, and are desirable from the engi- 
neering point of view. Stressed skin is a good usage 
for magnesium. 

Though magnesium is more expensive than alu- 
minum, the difference is only about 3344% more by 
weight ‘and it is the same price by volume. The stain- 
less steels are comparatively expensive. The weld- 
ability of magnesium is one of its outstanding fea- 
tures. One can obtain welding efficiencies of 85 to 
90%, impossible with aluminum alloys. New rubber 
blanket materials make it feasible to produce mag- 
nesium parts by the Guerin process at sustained tem- 
peratures of 450 F, placing the material on a com- 
petitive basis with aluminum in this respect. 

Magnesium sheet from 0.05l-gage up can be 
welded. Wing covering might be readily built up in 
this manner. The sheet cost is about 60¢ per Ib.; 
casting cost, $3 per lb. These castings require little 
fabrication since their surface quality is easily con- 
trollable, both dimensionally and in finish. 

A magnesium test wing built and subjected to 
exhaustive tests in comparison with an aluminur 
wing gave favorable results. The tests were made a 
the Naval Aircraft Factory, under direction of the 
Bureau of Aeronautics. This outer wing panel for 
the SNJ-2 airplane weighed 182.21 lb. made of mag- 
nesium as against 212.5 lb. from aluminum. The 
magnesium panel was adequate in strength and en- 
durance. Moreover, because magnesium meant sub- 
stitution of a light, thick single member for thin- 
skinned complex structures, the cost was decreased. 

It is apparent that the trend of design is principally 
toward the metal monocoque fuselage and cantilever 
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Costs of Lubricator Reservoirs (Cast Iron and Magnesium) 





2-Pint Reservoir (534 in. by 534 in. by 3% in.) 




































| Number of _ Total Cost 
Weight, | Casting Machining Machining Machining | Machining Saving 
Material Lb. Cost Operations | Cost Time and Casting 
| } 
| | | *.466 Hr. | j 
Cast Iron 8.9 | $0.98 12 | $2.05 | of28Min. | $3.03 -- 
¥ a iets | eu “Re , 18Hr.or | | $0.98 
Magnesium 2.22 | $1.25 12 $0.80 | 11 Min. $2.05 | (32.3%) 





4-Pint Reservoir (6 in. by 6 in. by 6 in.) 



























































| Number of | Total Cost | ' 
Weight, | Casting Machining | Machining Machining Machining Saving 
Material Lb. Cost Operations Cost Time | and Casting 
* 414 Hr. or | 
Cast Iron 13 $1.52 12 $1.83 25 Min. wnt $3.35 sie 
We aF | trap 3 | 319 Hr. or | | $0.27 
Magnesium 246 » |. 6B5S7 12 | $1.51 | 19 Min. $3.08 | (12.4%) 
* Lesser time for larger reservoir due to accessibility during machining. 
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Here in black and white are actual cost savings in dollars and cents, magnesium over cast iron, in a part of an oil lubricating machi 


wing, which has been publicized by the large number pay load of 51,230 Ib. as against 45,310 Ib. for the 
of such designs in use during the war. It is time to lightest of similar steel units, Aircraft principles of 
ask: Why not use the right light metals in thick gages |= monocoque construction are used. High strength 
and save the cost of most of the internal auxiliary magnesium alloy was used for the entire body, ladders, 


parts? | hatch covers, dumping mechanisms, doors, handles, 
Assuming that metal skin structures are desirable, hub and spokes of gears. 


the relative cost, coupled with other questions of Sheets, ¥g- to 14-in. thick, are protected with clear 
desirability, would indicate that the best construction lacquer. The side plates of the body act as load- 
for immediate use in the next few years would be a carrying members, thus eliminating the conventional 
welded aluminum-alloy fuselage and some type of frame. The carrier will haul an additional pay load 
aluminum beams with a magnesium skin. Increasing of 16 barrels of cement (6,016 lb.) at decreased 
the skin gages of both the wing and fuselage can be _— operating costs without placing an extra burden on 
done economically without much increase of weight state highways. A fleet of six of the magnesium units 
if the proper structural design is used. on a monthly 8000-mile run, one-half of which would 
According to Dr. Hanawalt, in aircraft wheels the be payload, would haul 864,000 more payload tons 
main needs are lightness, toughness and high fatigue _ per mile in one year than steel units. Also, there will 
strength in this complex shape best adapted to cast- _ be longer tire life, savings in fuel consumption, longer 
ing. One could make even lighter wheels, or tougher _ body life, faster hauls and better roadability due to the 

or longer-lived wheels, but when all of these proper- low center of gravity of the unit. 
ties are needed, the optimum combination is best pro- Kaiser has compiled savings in dollars and cents 
vided by magnesium. It is also the cheapest material from using a magnesium train for this particular 
for attaining these three attributes. cement company application and run. For every 1000 
lb. the company takes off its train tare weight, assum- 


Light Weight as a Cost Factor: Trucks ing capacity for carrying is not lessened, the company 


saves $643.20 per year; for every 5 tons taken off the 

Take the trucks used by Henry J. Kaiser to carry tare weight, the saving is $6,431 per year. And for 
magnesium oxide between plants. Though a pair of every additional investment of $1,000 on magnesium 
trucks cost $4000 more than if made of steel, the over steel in truck train construction, it takes 3.11 
difference was made up in 128 days because of bigger months to “pay off.” (After that period the company 
pay load. Kaiser has continued this idea and has built — starts making money on its cheaper transportation. ) 


an all-magnesium truck train that hauls a pay load of The Purity Baking Co., Charleston, W. Va., is using 
6000 Ib. more’ than conventional steel units of the | standard magnesium truck body shapes and sheet. The 
same type. body weight, including interior tray racks to hold 

The truck train is used by the Permanente Cement 2150 loaves of bread, is 1060 lb. in magnesium as 
Co. It is a 60-ft. unit, consisting of a semi-trailer and against 2300 Ib. previously in steel. This cut gasoline 
trailer pulled by a 1946 Peterbilt tractor, powered by consumption 3 to 4 gal. over each typical delivery 


a 150-h.p. Cummins diesel engine. It has a possible run of 125 miles. It also reduces wear on tires and 
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chassis and promotes easier handling on the highway, 
in this case over hilly country with about 45 stops 
per 125 miles. When the company’s entire fleet is 
e ees with magnesium, saving in gasoline alone 
will be $1,000 per month. 


Other Economical Applications 


Scores of other examples can be given to show the 
economy of magnesium. A stadium chair is rented 
to sports lovers at, say, 25 cents, to provide a com- 
fortable backrest in the concrete stadium. These chairs 
were originally made of iron rod, welded together and 
painted. But the newer stadium chair is made of 
magnesium and fastened by amateurs by riveting in- 
stead of welding. Four new chairs weigh but little 
more than one former chair and the magnesium chair 
does not cost “appreciably” more than the iron seat. 

Pratt, Read & Co., Ivoryton, Conn., makes piano 
actions, 42 in. long, consisting of separate units which 
operate from a rail running longitudinally with the 
keyboard. Each unit actuates the hammer when it is 
operated by the key movement. The fabrication of 
these rails has been one of the greatest headaches in 
the piano industry. One rail, which is L shaped and 
about 1 in. by 114 in., has some 270 holes. When the 
action mechanism is fastened to the rail by means of 
screws, one has 270 wedges which tend to split and 
warp the rail. When this occurs, the piano action 
becomes inoperative. Magnesium has met this difh- 
culty perfectly. It extrudes satisfactorily and drills 
and cuts as easily as the wood but does not.have the 
warping and splitting characteristics of wood. 

While the first cost is higher, the maker is con- 
vinced that due to 100% recovery of the magnesium 
rails final cost is much lower. There is another advan- 
tage in that in wood the company must use the high- 
est grade possible, kiln dried down to a low moisture 
content, and then shape the rail to hold the small 
parts. It is very difficult to make identical runs of 
rails in wood. 

The Wilson Sporting Goods Go., Chicago, promotes 
a catcher’s mask, changed in material and design from 
its previous mask. The newer mask of magnesium 
has better visibility and 50% weight reduction, or 
from 42 oz. to 21 oz. The magnesium mask sells for 
$9.00; the one of aluminum, for $10.50. 

The Penhaligen Peel Co., Midland, Mich., rede- 
signed a bakers’ peel of magnesium to replace the 
conventional wooden peel. Though the magnesium 
peel retailed at $6.25 as against 80¢ for the wood, the 
newer peel outlasted 40 wooden peels, thus virtually 
reducing the magnesium tool to 20 cents. The mag- 
nesium peel has been used since 1932, with no records 
of failure. The magnesium peel is guaranteed for a 
year, the wooden ones lasting a week or ten days. 

The conventional wooden hod carrier weighs 12 
lb., as against 4 lb. for the newer magnesium carrier 
But the wooden hod absorbs moisture and cracks and 
splinters, even when reinforced with steel straps. A 
steel hod, when of heavy enough gage to make for 
rigidity, is a back-breaker. The magnesium hod carries 
about 8 Ib. more plaster and makes for fewer trips 
and less labor. Though costing more originally, the 
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magnesium carrier will save itself on one large project 
Or in one season. During recent tests a workman 
remarked: “You're not foolin’ me, mister. The boss 
gives me a hod 8 Ib. lighter, then puts 8 lb. more 
plaster in it so I’m carryin’ the same load goin’, but 
8 lb. less coming back empty. So I’m goin’ to hang 
onto this.” 

In the printing industry there is a new magnesium 
engraving plate, replacing brass and zinc. Not only 
is magnesium light in weight and easy to machine, 
but metal prices, on a volume basis, are cheaper. Thus, 
the relative cost per pound on an equal volume basis 
a few months ago were: magnesium, 100%; zinc, 
106%; and brass, 211%. Since then zinc and brass 
prices have risen, making the magnesium even 
cheaper. 


What of the Future? 


Leo B. Grant, sales manager, Dow, told a U. S. 
Senate Committee that the cost of magnesium in the 
next two years will go down more as a result of 
technological advances than as a result of production 
quantity. (But the second is an important factor to 
reckon with. ) 

Ted Atkins, director, Magnesium Assn., has stated 
that the cost of magnesium in the pure ingot stage 
will be reduced, not only because of by-products 
(chlorine, iodine, calcium, sodium, salts, etc.) but 
because of improved methods of production. 

Magnesium will also be found economical when 
parts are redesigned to make for less volume per part. 
Thus, steel stampings forged ahead some 20 years ago 
when parts were redesigned to fit stampings which 
proved lighter, stronger and lower in cost than parts 
they replaced. Recently a cover for an adding machine, 
originally designed in ¥%-in. thick aluminum, was 
redesigned, 0.051-in. thick for magnesium. (The de- 
signer said 0.040 in. would have sufficed. ) 

Again, magnesium is one of nine minerals or 
metals, plentiful enough in supply to last through the 
twentieth century, the other metals among the nine 
being iron and molybdenum. 

Mr. Dow, himself, prophesied to the Senate Com- 
mittee that production costs should decrease, maybe 
as much as 5% per year for 5 years. It is only a 
matter of time before magnesium sells as cheaply as 
aluminum on a per pound basis and thereupon sells 
much cheaper on a volume basis. The power required 
in the electric cells in Texas averages 812 kw. per lb. 
of magnesium produced. Every reduction in power 
cost by 1 mil per kw. makes magnesium 1¢ per Ib. 
cheaper to produce. 

Admiral Cochrane of the U. S. Navy said recently 
that it is only a matter of time before magnesium 
alloys can be used where aluminum now is for further 
weight savings in naval vessels. 

Finally, new processes or revived old processes may 
further improve magnesium and make it more highly 
competitive. Recently released from secret archives, 
for instance, were many case histories on shot-peening 
magnesium which improved its physicals and pre- 
sumably allowed use of smaller volume per part or 
component. And that’s another story! 


65 


























Magnetic powders can be used to 
locate sub-surface flaws in welds, sheet 
steel and thin castings through the 


use of superimposed electrical fields. 


Vector Fields 
to Locate Deep-Seated Defects in Steel 


by ROBERT M. KILLEN, La Plant Choate Mfg. Co. 


SE OF MAGNETIC POWDERS to locate discontinui- 
ties in steel castings and weldments is a well- 
established inspection procedure. Like all test 

methods, it is of value only when used with its limita- 
tions clearly in mind, and with an adequate under- 
standing of its method of functioning. The relation- 
ship between the strength of the magnetic field set 
up, the size of the discontinuities, and their depth 
must be borne in mind for proper interpretation of 
test results. 

As ordinarily used, magnetic powder inspections 
by the Magnaflux method will locate discontinuities 
to about 34 in. below the surface of the metal. This 
is adequate for detection of cracks in welds, slag in- 
clusions, etc., in weldments; for locating slag stringers 
in thin steel sheets; and for indicating most defects 
causing discontinuities in thin sections of steel cast- 
ings. 

With thick sections, use of higher wattages is 
helpful, the heavier magnetizing current thus pro- 
ducing a stronger flux in the work. A perceptible 
pattern can then be obtained when defects are located 
below the range at which irregularities in the lines of 
force are ordinarily indicated at the metal surface. 

A second method of indicating subsurface defects 
located below the usual depths consists of creating a 





vector field in the piece. An alternating current is used 
to create a field superimposed on a direct current field, 
and a resulting combination of strong and weak 
fields of controlled direction. The theory underlying 
the action of the vector field has yet to be pro- 
pounded; the method is still empirical, and the tech- 
nique is largely trial and error, but results obtained 
show the worth of the method. 

To use the vector field for magnetic powder in- 
spection of welds in thick sections, the piece is first 
magnetized in the usual way, with the field formed at 
right angles to the direction of the weld bead. An 
alternating current is then applied, with its intensity 
held below the point at which demagnitization would 
occur. The direction of application of the a.c. is a 
matter for trial and error, but it will be somewhere 
between 45 and 90 F to the direction of the stronger 
d.c. field. The intensity of the a.c. field is likewise de- 
termined only by repeated trials. 

Best results at the La Plant Choate Mfg. Co. have 
been obtained with the weak field oriented to just 
less than 90 F to the strong field. The alternating 
current was held to about three-fourths of that used 
for the strong field. These conditions produced the 
maximum indication with the work being studied, 
which was 4-in. steel plate, welded to a butt joint. 
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All examinations were made by the dry powder 
nethod, and there was reason believe that the 
procedure would not be effective with the wet 
method. 

The equipment can easily be adapted from the 

standard Magnaflux apparatus. The solenoid coil on 
the machine is used to set up the strong field. A 
rheostat is then connected in series with the demag- 
netizer, and the current to the demagnetizer is slightly 

luced. The direction of this a.c. field is controlled 
by positioning of the prods, and, with its input so 
limited that demagnetization will not occur, the weak 
field is induced in strength and direction fixed upon 
is giving best results. The powder is then applied in 
the usual way, and the pattern studied. 

If for any reason it is not practicable to connect 

rheostat into the demagnetizing circuit, an a.c. 
welder may be used for setting up the weak field. The 
most desirable values of field intensity may be more 
lifficult to determine in this case, however. 

The apparatus as described was used at the La Plant 
Choate works for setting up procedure in the welding 
f 4-in. plate. It was found that a definite indication 
could be obtained with slag stringers in the plate 
at the weld at depths of half the plate thickness. In 
this case any slag stringers in the plate would be at 
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To illustrate the operation of the vector field method 
of inspection, a test plate was made up with an inten- 
tional subsurface defect. In Fig. 1 the plate is being 
examined with magnetic powder by the conventional 
direct current method of magnetization, using 2500 amp. 
Only a small surface rupture is made visible. In Fig. 2 
the same plate is subjected to direct current magneti- 
zation as before, using 2500 amp., and then an alter- 
nating current field is superposed by the use of prods 
connected to an alternating current welding generator. 
The alternating current used was 500 amp. The sub- 
surface crack is indicated by the surface pattern shown, 


right angles to the axis of the weld bead, and would 
not be indicated by the field in which the defects in 
the bead itself would be most clearly shown. 

After welding procedure had been fixed upon for 
this job, using the vector field to locate defects, only 
the oan magnetic powder inspections were made in 
routine inspection of production. As a result, the 
possibilities and limitations of the vector field were 
not explored as fully as the preliminary results would 
seem to warrant. The method awaits more elaborate 
study of the techniques and results, and formulation 
of a theory that will aid in fixing its field of useful- 
ness. 

















1, The reduced tube, cut to length, is upset at one end to form 2. 
the head of the housing. 








Flaring of the bottom of the tube takes place in a heavy press. 





Steel Tubing and Plate 
Replaces Castings in Heavy-Duty Parts 


Dy KENNETH ROSE, engineering Ra 


HILE THE RAILROADS OF THE COUNTRY have 
been quite ready to adapt the bodies of both 
freight and passenger cars to the latest ideas, they 
have been much more reluctant to change anything 
about the underbody. There are several good reasons 
for this. One is that, from accounting and tax con- 
siderations, it is the practice of most railroads to 
rebuild cars from the trucks up, whenever practicable, 
rather than to buy new capital equipment. Another 


Forming and welding are combined to 
produce parts for tough railroad ser- 


vices that are light in weight and free 


from hidden defects. 
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is that interchangeability is one of the most impor- 
tant advantages of cars on the railroads of the United 
States and Canada, and this in itself imposes limita- 
tions upon change. A third is that the heavy cast 
steel parts so generally used have proved themselves 
over many years of service, and the railroad engineers, 
mindful of their responsibility for the lives of pas- 
sengers and the safety of freight, are not willing to 
change materials or design until the newcomer has 
been adequately proved in tests and in trial service 

Draft gears have been made of heavy steel forg- 
ings or castings, in keeping with the remainder of 


the railway car substructure. Recently a draft 


gear 
made by forming and welding has been approved by 
the Association of American Railroads. It is being 
manufactured by the Railroad Products Div. of the 
A. O. Smith Corp., and will be marketed by the 
Hulson Co. of Keokuk, Iowa, and Chicago. 
The new draft gear is the first to be made by form 
ing and welding, and is also the lightest ever to re 
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3. The formed tube is flash-welded to the base plate to complete the housing. 4, A small spring holds the shoes in place as 
the parts are assembled in a press. 


5. A breaking-in substitutes for machining to smooth surfaces in contact. The breaking-in process is controlled by re- 
cording the increased friction as the surfaces meet more accurately. 
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ceive A.A.R. approval. It weighs only 202 lb., which 
is less than half the average weight of draft gears. 
It is estimated that this weight saving will be about 
400 lb. per car, and at that figure will save about 
1214 tons in a freight train of 100 cars. 

In fabricating the draft gear, an abrasion-resistant 
steel is used that closely approximates the composi- 
tion SAE 1340. A special steel tube is made in the 
company’s pipe mill in 40-ft. lengths. The tube is 
made in 1034-in. outside dia., and the first operation 
is the hot reduction of the tube to 7% in., with a 
wall thickness of 7/16 in. The tube is then cut to the 
proper lengths for fabricating into the draft gear 
housing. 

Using induction heating the tubes are heated to 
2100 F at one end, and, held by a porter bar, are 
upset to form the head of the tubular section. Two 
pieces of formed strip steel are flash-welded together 
to form a guide support, and this is slipped over the 
tubular section to the upset portion. Four studs are 
welded in place to support this guide, using the sub- 
merged arc process. Unionmelt machines are specially 
mounted to secure a deep weld with these steel parts. 

Operations on the opposite end of the tube start 
with the heating of the tube to about 2100 F by in- 
duction heating equipment. It is then placed in a 
press, hot end up, and a flaring die gives the tube a 
conical form. A second flaring operation follows, in 
which the housing is expanded to an oblong shape 
at the hot end of the piece. 

The housing now has the form of a tapered hollow 
shell, rounded at the top and flaring out to an oblong 
cross-section at the bottom. A rectangular base plate 
at the flared end completes the housing, and in prepa- 
ration for welding this base plate in place, a boss 
is welded to the base plate. This boss, threaded, 
serves as the means of fastening the retainer bolt 
that holds the spring and friction mechanism in place. 
The base plate is then placed in a flash welder in a 
vertical position, and the tubular portion is clamped 
in the welder in dies that automatically position it 
in relation to the base plate. The welding of the two 


An exploded view of the 
draft gear, and the gear 
assembled. 





parts takes place without any necessity for trimming 
the tubular section, due to close control of all the 
tube forming operations. An annealing and stress re- 
lieving treatment follows, and the housing is com- 
pleted. 

An inner and an outer spring are placed inside the 
housing in the final assembly, and a retainer bolt runs 
through the plunger and the springs to hold the as- 
sembly together. Positioned around the plunger are 
four shoes, held in place by a positioning ring and a 
spacing ring, and shaped so as to rub against the 
housing and the plunger. The assembly is completed 
in a press that compresses the springs and permits the 
placing of the retainer bolt. 

The plunger is made in the Smith plant in a 9000- 
ton press, the entire forming operation being com- 
pleted from bar stock in one pass. 

One of the most interesting operations of the series 
is the “wearing-in” process. All of the parts in the as- 
sembly have been rough forgings except the threaded 
retainer bolt. To obtain the proper contact between 
the housing and the shoes so that the draft gear will 
have sufficient frictional capacity, the assembled gear 
is placed in a 1500-ton press equipped with special 
gears to permit working the plunger and shoes up 
and down in the housing at the rate of about 48 times 
per min. Strain gages placed outside the housing are 
connected with an oscillograph, and the amount of 
frictional resistance built up as the shoes are worn 
into more uniform contact with the housing is mea- 
sured on the screen. 

Certification by the A.A.R. is for interchange on 
the railroads of the United States and Canada. Ap- 
proval was granted after six pieces, selected at random 
from a lot of 50 draft gears, were tested at the A.A.R. 
test laboratories at Purdue University. 

The price of the new gear is in the same range as 
those now in use. Advantages are expected to accrue 
from the lighter weight, and from the greater freedom 
from possibility of hidden defects. This latter is the 
result of using rolled steel, which can be inspected 
before fabrication and use. 
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When and How to Use Cast Iron 


by T. E. EAGAN, Chief Metallurgist, Cooper-Bessemer Corp. 


from the gray iron we knew some 20 years ago. 

It is no longer a material that could be used only 
for its castability and its cheapness with very low 
tensile strength and extreme brittleness. Metallurgists 
have improved gray iron quality to the point that it is 
an engineering material which, if properly applied, 
will give outstanding performance. Gray iron can be 
very broadly called steel plus graphite. 

The graphite occupies 11.00 to 17.00% of the vol- 
ume of the metal, depending on the ses it and the 
cooling rate of the casting, and controls to a large ex- 
tent its physical characteristics. If we could put all of 
the graphite in a ball and locate it in one spot in the 
center of a casting, it would have little effect on the 
strength. However, if it were put as a slab across the 
piece we would have no strength whatsoever. There- 
fore, by controlling the distribution of the graphite 
and its amount, gray iron of various strengths can be 
produced. The different ways to distribute graphite 
have been studied quite thoroughly and are published 
by the A.S.T.M. as Specification A247-41T. 

The matrix metal will have the tensile strength of 
steel which has the same analysis and microstructure. 
This may vary from pure iron or almost a pure iron 
with a tensile strength of around 40,000 psi. to a 
pearlitic steel as shown before with a tensile strength 
of 120,000 psi. By controlling the distribution, size 
and amount of the graphite flakes, tensile strengths 
between 10,000 and 60,000 psi. can be produced. 


Tensile Strength 


Due to the fact that the tensile strength of gray 
iron indicates to a certain extent the other properties 
desired, the general rule has been to specify it as the 
controlling criterion for the purchase of castings. This 
is done mostly by using A.S.T.M. specification A-48, 
which gives the various classes of gray iron normally 


Tis GRAY IRON OF TODAY is a great deal different 


This article is based on a talk presented by Mr. 
Eagan before a joint meeting of the American Soctety 
of Tool Engineers and American Foundrymen’s Asso- 
ciation. 


The quality and physical characteristics 
of present day gray iron make it an 
engineering material which is selected 
for its ability to do a job, rather than 
only because of cheapness, as was once 


the case. 
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available. The tensile strength thus designated is taken 
from a separately cast test bar not attached to the 
casting, and various sizes of these test bars are used, 
depending on the section thickness of these castings. 
Table I gives a summary of the specification. 


Table |! 


Tensile Strength, Usual Min. Wall 














Class Min. Psi. Thickness, In. 
No. 20 20,000 le 
No. 25 25,000 lg 
No. 30 30,000 lV, 
No. 35 35,000 Ve 
No. 40 40,000 4 
No. 50 50,000 ly 
No. 60 60,000 VY 
Size of Section, In. Nominal Dia. of Test Bar, In. 
0.50 and under 0.875 
0.51 to 1.00 1.20 
1.01 to 2.00 2.00 
over 2.00 Larger bars by agreement between 








manufacturer and purchaser. 





Why have seven different classes of gray iron? In 
the first place, the lower the class of iron designated 
the cheaper it is. Thus, the problem of economy en- 
ters into it. Secondly, the higher classes of iron are 
difficult to cast into thin sections. Table I indicates 
the usual minimum sections that can be economically 
used; however, they are not mandatory. Should sec- 
tions thinner than are indicated be desired, consult a 
foundryman to see if the casting design is such as to 
permit gating to allow iron to flow through the thin 
sections. 

Section thickness has a great deal to do with the 
tensile properties obtained in any casting. The upper 
part of Fig. 2 indicates to a large extent what happens 
to tensile strength as section thickness increases or 
decreases from the size of the arbitration bar used. 
The slope of these curves is rather steep as section size 
is changed in the thinner sections, but as the size of 
section is increased they tend to flatten out so that in 
these thicker sections there is less change. There is 
also a tendency for the higher class of cast irons to 
show less drop in tensile strength than the lower class 
material. 

The fundamental thing that controls tensile strength 
of the material in any gray iron casting is the rate at 
which it cools from the molten metal down to a tem- 
perature around 1000 F. It can be definitely stated 
that for any given analysis of material the tensile 
strength obtained in the casting is a function of its 
cooling rate. 

Unfortunately, there is not a great deal we can do 
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Fig. 1—Shown here is the microstructure of a good 

grade of gray iron. The gray streaks are graphite and 

the finger-print like material is that found in a piece 

of 0.90 carbon steel. (Magnification 250 X, etched with 
Pecial plus HC1.) 


about the cooling rate of any given casting because 
these are primarily controlled by the design of the 
casting, the size of the flask used, the method of gat- 
ing, and the sand used, etc. These are pretty well fixed 
by the foundry practice required to produce sound 
castings. Therefore, to obtain any required tensile 
strength we must control the chemical analysis. It 1s 
entirely possible to do this. The practical aspects of 
the methods used are very complicated and require a 
considerable knowledge of the metallurgy of gray 
iron; however, it is being done daily with success. If 
you need a certain tensile strength in your casting, it 
is usually possible for the foundryman to give what 
you desire if you are willing to cooperate with him on 
the design. 


Other Physical Characteristics 


Yield Point: In design work it is usual to avoid 
stresses higher than the yield point of the material if 
the material is to be subjected to static loading. The 
yield point of gray iron is close to the tensile strength, 
thus it is possible to use the material at higher stresses. 
Fig. 4 shows the comparative yield strength of some 
of the cast ferrous alloys. It can be seen that the yield 
point of gray iron is comparable to that of low carbon 
cast steel. 

Compression Stre neth: One of the outstanding 
characteristics of gray iron is its compression strength. 
In fact, in compression gray iron is much stronger 
than steel. Fig. 5 will give you an idea as to this qual- 
ity of gray iron. It will be noted that gray iron in 
all classes is much stronger than cast steel when used 
in compression. 

Modulus of Elasticity: In design work the modulus 
of elasticity is an important factor in most calcula- 
tions. The modulus of elasticity of gray iron runs 
somewhere between 12 million and 22 million psi., 
depending on the tensile strength, the amount and dis- 
tribution of the graphite, and microstructure of the 
matrix. However, these figures must be used with dis- 
cretion because cast iron is a heterogeneous material 


and does not fulfill the requirements of homogeneity, 
isotropy, and elasticity as required by the elastic 
theory. In many cases cast iron behaves completely 
different than would be expected by the elastic theory. 
Shape of the section influences the stress distribution, 
and as the load increments are increased the neutral 
axis shifts and the stress distribution line follows a 
curve instead of a straight line, such as is found in a 
homogeneous material such as steel. 

Endurance Limit: Parts subjected to dynamic forces 
are usually designed so that the stresses imposed are 
below the endurance or fatigue limit. In gray iron 
the theoretical endurance limit is between 35 and 
50% of the tensile strength. The 35% applies to a 
very large section whereas the 50% would apply to 
smaller sections which are comparable in cooling rate 
of the 1.2-in. arbitration bar. For most sections an 
arbitrary figure of 40% of the tensile strength can 
be safely used. The use of the theoretical endurance 
limit is subject to modification because of design and 
service requirements. This is true of any material. 
Let us consider one or two of the factors as they affect 


gray iron. 


Notch Sensitivity: Gray iron is much less notch 
sensitive than steel. This is amply illustrated in Fig. 6, 
which shows the endurance limit in reverse bending 
of steel unnotched and notched as shown. The steel 
was a S.A.E. 1040 steel heat treated to 80,000 psi 
tensile strength. The tensile strength of the gray iron 
was 49,000 psi. In the case of steel the reduction of 
the endurance limit caused by the notches was 50% 
In the case of iron the reduction was 21% 

How does this apply to the use of cast iron? Use 
as an example a piece that could be made of steel or 
of cast iron. The steel to be used would have a tensile 
strength of 80,000 psi. and an endurance limit of 
35,000 psi. which, because of the notches in the de- 
sign, would require use of the maximum allowable 
stress Of 17,000 psi. The cast iron has a tensile 
strength of 49,000 psi., an endurance limit of 16,500, 
but because of its non-notch sensitiveness we can use 
as a maximum allowable stress of 13,000. psi., which 
is only 4,000 psi. less than that for steel. Because of 
the factor of safety usually used it would be amply 
safe to use the cast iron in place of the steel. 

This is not as a condemnation of steel nor a claim 
that cast gray iron will always take the place of steel. 
This is not true, because other service requirements 
may indicate that such an analysis as given above is 
incorrect and that cast steel or forged steel would be 
much better. The point to be stressed is that there 
are many cases where steel castings are specified where 
gray iron could serve just as well. In such cases the 
steel is misapplied. 

With further reference to the notch effect of 
stresses, a considerable amount of relief can be effected 
by proper contouring. However, this contouring must 
be done intelligently and the use of the new SR-4 
strain gages can be a great help. 

Here is an example of what can be done. Fig. 
is a Cast gray iron crankshaft having a tensile strength 
of over 65,000 psi. The notch effect at the fillets be- 
tween the webs and the pins and journals normally 
impose a stress concentration of over 2 to 1 for a 
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Fig. 2—Influences of section size on tensile strength 
and Brinell hardness. (Courtesy: American Foun- 
drymen’s Association.) 


forged steel shaft and 1.75 to 1.00 for this high tensile 
iron. However, by contouring as shown the stress 
concentration is almost completely eliminated. Shape 
of the contour was determined by the use of SR-4 
strain gages. It can be readily appreciated that such 
contouring is only practical in a cast shaft as it is 
almost impossible to machine such a contour eco- 
nomically. 


Service Characteristics 


Damping Capacity: Under dynamic operation 
many failures of parts are caused by the surge of vi- 
bration that may be set up in the piece due to the 
dynamic forces. This is amply brought out, of course, 
in the critical vibration experienced in crankshafts in 
internal combustion engines. This critical vibration 
can and does, at times, break parts in operation. 

Gray iron has excellent damping capacity. The 
lower the tensile strength of the iron the higher the 
damping capacity. One of the best ways to demon- 
strate damping capacity is the one used in many ma- 
chine shops for identifying the material in a casting 
and that is to strike the casting. A steel casting will 
ring while the cast iron casting will produce nothing 
but a dull sound. It is difficult to apply dampening 
capacity to design, but it is always well to know that 
it is present in gray iron. 

Impact and Brittleness: Gray iron is much more 
brittle than steel. Thus, when gray iron breaks, it 
breaks with a brittle fracture while steel being ductile 
will break with a ductile fracture. The standard im- 
pact tests, such as Izod and Charpy, show gray iron 
to have much lower values than steel. 
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Fig. 3—Relative tensile strength of several cast irons 
and steels. (Courtesy: American Foundrymen’s Asso- 
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Fig. 4—Yield strength of cast irons compared to cast 
steel. (Courtesy: American Foundrymen’s Association.) 
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Fig. 5—Gray iron in all classes is much stronger than 
cast steel when used in compression. (Courtesy: Amer- 
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However, testing things to destruction sometimes 
gives us a false impression. We design things so that 
the forces applied are well below the elastic limit of 
the material used; thus, we get no permanent deforma- 
tion. If this were not so we would certainly have 
considerable difficulty with fits and running clearances. 
Therefore, any amount of permanent deformation 
would no doubt be disastrous. Thus, the amount of 
deformation we get under any impact blow, below 
that required to fracture, is of importance. In many 
cases an impact blow that will break cast iron will 
deform steel to such an extent as to make it useless. 

To demonstrate this a piece of steel was attached 
to a piece of cast iron of the same size and dimensions. 
The steel had 91,000 psi. tensile strength and the cast 
iron had 54,000 psi. Both pieces were held from 
twisting and a weight was dropped on this lever at- 
tached to the cast iron with such force that the cast 
iron was broken. The iron shaft twisted 6 deg. be- 
fore breaking and the steel shaft, although it was not 
broken, twisted 35 deg., which, of course, would have 
made it useless. The useable impact resistance of cast 
iron was sufficient for the service intended. 

Castability: Gray iron is the most castable of all 
ferrous metals. It will flow into thinner sections and 
usually requires small or no risers. However, as tensile 
strength increases, castability gets less and requires 
more risers and an approach to steel casting practice 
in molding. This is an important consideration when 
intricate designs are involved. Gray iron therefore 








lends itself to much more complicated designs than 
do many of the other cast metals. This is an important 
characteristic of gray iron. An outstanding example 
is the automobile engine block and head. These are 
masterpieces of intricate design which would be ex- 
tremely difficult to cast in any ferrous metal other 
than gray iron. 

Machinability: Gray iron, properly handled, is 
highly machinable. This is demonstrated in Fig. 8. 
It will be noted that the lower tensile irons are much 
more machinable than the higher tensile materials. 

One of the complaints usually made about tay iron 
is the problem of hard edge. This is annoying, espe- 
cially when they are not necessary. Proper molding 
practice and proper control of the analysis of gray 
iron will generally eliminate hard edges when com- 
bined with proper design and proper foundry practice. 

Wear Resistance: In sliding friction, gray iron is 
outstanding. This is amply demonstrated by the fact 
that practically all engine cylinders or liners are made 
of gray iron. However, microstructure of the iron 
has a great deal to do with its wearing qualities, the 
general rule being that the iron should have a random 
flake distribution of graphite and a matrix that con- 
tains no free ferrite. To insure this a minimum Brinell 
hardness of 190 can be required. The type of micro- 
structure shown in Fig. 1 will give good wear re- 
sistance. 

In abrasive wear resistance gray iron also does a 
good job. Hardening the iron through heat treat- 
ment sometimes increases wear resistance. For ex- 
tremely abrasive conditions a white or chilled alloy 
cast iron such as Ni-hard is usually indicated. 

Corrosion Resistance: Another quality of gray iron 
is its good corrosion resistance. This is amply demon- 
strated by the fact that most water mains have been 
made of cast iron and there are examples of good 
condition after 100 years service. Cast iron heads, 
cylinder liners, and blocks in engines which are salt 
water cooled have been used for years with excellent 
success. However, where more vicious conditions are 
encountered special corrosion resistant grades are 
available. 

Heat Resistance: Gray iron has good heat resistant 
qualities. This particular quality has not been ex- 
ploited as much as it should be. Recently the A.S.T.M. 
developed a specification for the use of gray iron in 
pressure vessels at temperatures up to 650 F. Suc- 
cessful use also has been made in nonpressure vessels 
such as molten metal pots for temperatures above 
1200 F. Gray iron does a good job. It will not, how- 
ever, replace the higher alloy heat resisting steel 
castings where their use is actually required. 

One of the complaints about gray iron is its ten- 
dency to grow when heated above 900 F. However, 
where this is a factor, proper alloying of iron can 
eliminate the tendency to a great degree. 

Chemical Analysis: The chemical analysis of iron 
controls, to a large extent, the physical properties of 
the casting chiefly because there is so little that can be 
done to control the cooling rate of castings in the 
mold. It would seem logical, therefore, that the one 
thing that should be specified is the chemical analysis. 
However, this is far from the truth; in fact, it is 
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Fig. 1—Contouring of this cast 

gray iron crankshaft is such 

as to eliminate stress concen- 
tration. 


dangerous to do so. The method by which the casting 
is poured will influence the cooling rate tremendously, 
and in many cases there are a number of ways to do 
this, all of which will achieve the same result. 

The only man who is in a position to specify the 
proper analysis for a given casting in which the de- 
sired physical properties are specified is the foundry 
metallurgist, who must make his decision after he 
sees the method of molding, the gating, etc. Thus, it 
is far safer to let the foundry specify its own analysis. 
This is well recognized by the fact that the A.S.T.M. 
specifications deliberately do not specify chemical 
analyses. All foundrymen are perfectly willing to work 
to a tensile strength specification, but many will 
absolutely refuse to work to both tensile strength and 
chemical analysis. 


Heat Treatment of Gray Iron 


Gray iron can be heat treated the same as steel. It 
is possible to almost double the tensile strength by 
heat treatment. However, this involves a quench and 
tempering treatment and can only be applied to very 
simple shapes. Complicated shapes will crack during 
the quenching operation. The increase in tensile 
strength by heat treatment is sometimes dangerous 
to use because it does not proportionately increase the 
endurance limit of the iron; therefore, one can be 
greatly misled when such heat treated materials are 
subjected to dynamic forces. 

Complicated castings of gray iron, especially those 
in the range of 40,000 to 60,000 psi., usually have a 
considerable amount of residual stress in them. 
Thus, in subsequent machining they are likely to 
distort. Stresses can safely be removed by a stress- 
relief anneal. This process consists of very slowly 
heating the casting to about 1000 to 1050 F, holding 
it there for about 1 hr. per in. of heaviest section, and 
cooling it slowly. 

It has been believed for years that the best way to 
relieve casting stresses was to set the casting out in 
the yard for 6 months to a year. Experiments have 
shown that this does not relieve stresses. What has 
happened in those cases which have shown less dis- 
tortion in machining after such a treatment is that 
the stresses being more OF less concentrated on the 
surface have been relieved because the surface has 
rusted sufficiently to remove some of the metal on the 
surface, thus relieving the stresses. It is a much more 
economical and a much better practice to give the 
castings a stress-relief anneal. 

Gray iron can also be hardened by quenching and 
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drawing. The maximum hardness that can be ob- 
tained is about 550 to 600 Brinell. This hardening 
treatment is of great value for certain services. For 
instance, where abrasive wear is encountered, such 
as in machine tool ways, certain dies, and sometimes 
Diesel engine liners, the parts are hardened. Any of 
the usual methods of hardening can be employed, plus 
austempering, martempering, flame hardening, or 
induction hardening. 

Some use is made of a direct annealing process on 
certain pieces of gray iron to improve machinability. 
Annealing definitely lowers the physical properties 
of the casting and should not be used unless these 
physical properties are of no consequence. 

The proper use of cast iron could be discussed at 
great length, but space will not permit. The principles 
of good casting design are the same for steel, cast 
iron, or the nonferrous metals. They are covered in 
great detail in the first five chapters of the Cast Metals 
Handbook, which can be referred to. In general, 
the things to avoid can be briefly covered by stating 
that the sections of the castings should be as uniform 
in thickness as possible; ample fillets should be al- 
lowed in corners; any major change in section should 
be taper blended instead of filleted; etc. The casting 
should be so designed that it can be divided into two 
halves without having an irregular parting line; the 
design should be such that the casting will solidify 
properly; and, from the economical point of view, it 
should require the simplest possible core set-up. 
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Fig. 8—A comparison of machinability of several cast 
ferrous materials. (Courtesy: American Foundrymen’s 
Association.) 
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1 The sheet of plastic, 

heated to 260 F, is car- 
ried from the oven to the form- 
ing fixture on a monorail con- 
veyor. 





Laid flat on the fixture, 
a retaining ring is placed 
on top of the sheet and 
clamped with quick-acting tog- 
gle clamps. The wooden flaps 
that will restrain the sheet at 
the door opening are then put 
into position. 





Air is admitted to the fix- 

ture, and the hot plastic 

sheet begins to expand into a 
“bubble”. 





4 As the bubble approaches full height, the inner flaps are raised inside the bubble and the hot plas- 
tic squeezed against the outside flaps, forming a flat area that will become the door opening. A 
toggle lever outside the fixture operates the inner flaps. 


Pheumatic Forming 


of Acrylic Cabin Enclosures 


A PICTORIAL STORY 


“Blowing the Bubble,” under low air 
pressure, results in a dimensionally 
accurate shape being attained at a high 
production rate. The process also 


eliminates much final polishing. 
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HE CABINS FOR SOME MODELS of Bell Aircraft 

Corp.'s helicopters are enclosed in shatter-resistant 

clear acrylic plastic domes. The domes are re- 
quired to possess good optical properties, but polish- 
ing of a molded piece of this size is regarded as 
too time-consuming for modern production sched- 
ules. A method has been worked out for blowing the 
dome to shape as a large bubble, using compressed 
air, and so eliminating much of the polishing of the 
finished form, while greatly speeding production. 

A problem in the blowing of the domes is the 
necessary allowance for cabin doors at both sides of 
the helicopter. The doors are standardized, so that 
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the bubble area at these points must be dimensionally 
accurate to permit fitting the doors without any patch- 
up that would mar the optical qualities of the dome. 
This is accomplished by providing a pair of wooden 
flaps for each side of the bubble, at the door location, 
one wooden flap, the shape of the door, outside the 
bubble, the other swinging up on hinges inside the 
bubble to a matching position. The plastic is squeezed 
between these two flaps so that it becomes flattened 
at the door position. While the optical quality of the 
acrylic is spoiled at this section, it is unimportant 
because the door area is later cut away. 

The actual forming process, called “blowing the 
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5 After reaching full height, 
the bubble is allowed to 
cool for 10 min. in the fixture 
with the pressure constant. 


The fixture is then un- 
clamped and the dome is 
removed, completed except for 
trimming, cutting out door 
openings, and some polishing. 


bubble,” takes place in a fixture in which air, under 
2 to 5 psi. pressure, is admitted through a series of 
holes at the bottom of the fixture, slowly swelling the 
bubble. Height is checked regularly as the bubble 
grows, and another check is made to determine that 
necessary clearance for the rudder pedal is being 
maintained. Height is controlled by an electronic 
“eye” that regulates air pressure to the fixture. 

A similar process is used to form the doors for the 
cabin enclosure. These are blown to a height of about 
3 in., the convex form giving them greater rigidity, 
and following the contour of the cabin enclosure in 
general. 
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From the small 10-amp. open 
switch (right) to the heavy 
duty %4-hp. switch (left) beryl- 
lium copper continues to be 
the lowest cost and best an- 
swer for the spring elements 
in all Micro Switches. Blade 
for the Micro Switch is blanked 
from beryllium copper strip 4 
nos. hard. In a second opera- 
tion, side legs are shaved to 
length and the 24-deg. angle 
formed. 





Economies Result When Parts 
Are Designed for Beryllium Copper 


by ROBERT W. CARSON, Consulting Engineer, and WAYNE MARTIN, Consulting Metallurgist 


O MANY ENGINEERS AND METALLURGISTS bery]l- 

lium copper is a high-priced special-purpose spring 

material with a few spectacular uses, but “not for 
our equipment—we have price competition.” The 
facts of the case are different, particularly for products 
where every penny counts, as the following four 
typical case histories demonstrate. In each case, bery]- 
lium copper provided the lowest cost answer years 
ago when the product was first designed; today, with 
recent improvements in the alloy, beryllium copper 
offers an even stronger case. 

This story could be told many times today in com- 
ponents for products ranging from toy trains to ac- 


Beryllium copper will not give maxi- 

mum economy and efficiency if it 

merely replaces another material—the 

part utilizing this alloy should be 

designed to take advantage of its 
properties. 
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counting machines, from electric razors to jet turbines. 
The four examples selected to tell this story include 
a small snap switch blade, two springs in a fractional 
horsepower motor control, four springs in a lighting 
switch, and a diaphragm in a refrigerator thermostat. 
Each example was in production for several years 
before the War, and each one is being produced 
today in essentially the same form. 

In each of these four typical examples, as in most 
other successful beryllium copper applications, there 
are two common factors behind the success of the 
design: In each case the design was a new one and 
beryllium copper was used to its full potential. It was 
not a matter of substituting beryllium copper for 
another alloy that failed, nor was it used because it 
was a “little better.” Each design was carefully de- 
veloped to use all that beryllium copper had to offer. 

One of the very earliest applications for beryllium 
copper—first made in 1932—came about in the de- 
velopment by Burgess Laboratories of a miniature 
quick-acting electrical switch now known as the 
Micro Switch. The objective was to develop a switch 
small enough to fit inside a room thermostat but 
with the capacity to directly control an oil burner 
motor without the use of relays. After many failures 
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Micro Switch blades are first racked (left), then stacked (right) in fixtures to hold the 24-deg. angle and keep the legs flat and parallel during 
hardening heat-treatment. 


using conventional spring materials, the objective was 
first realized when beryllium copper was tried. 
Where other materials failed beryllium copper suc 
eeded because 
|. Its high endurance strength made it possible 
to crowd the necessary spring action into the 
required space 
Hardening to spring temper 
mitted 


arter rorming, pel 
a simple one-piece blade, simplifying 
design and reducing cost. 
Much better uniformity in temper after hard- 
ening gave substantially greater precision of 
operation. 

The switch design, first used in 1932, is retained 
without basic change in the Micro Switch today. The 
blade is mounted through a hole in the end of its 
long center leg. Ends of the shorter legs rest in 
grooves in a rigid support of such length that the 
center leg is placed under tension and the side legs 
bowed. An electrical contact attached through the 
hole in the broad end of the blade snaps across the 
space between two fixed contacts when light pressure 
































In the Delco Motor control, motor current heats and 

expands wire A, allowing arm B to move under tension 

of flat spring C until switch D opens, disconnecting 

starting winding. Overload current causes further ex- 

pansion of wire, and line contact E opens to disconnect 

Link F assures that starting contact closes 
before line contact after overload. 


motor. 





‘ 


is applied to the long blade a short distance from its 
mounted end. The switch thus consists only of the 
spring blade, the molded housing and a small ac 
tuating pin. Actual size of the switch is 1 15 


long, 13/16 in. high and 1] 


16 in 
16 in. wide. 

Since the earliest production, the material used 
tor this part has been 0.0085 by g-1n 


copper strip 4 nos. hard in coils 


beryllium 
Specifications today 
0.0005 in. on thickness, with 
hardness and tensile strength after hardening in ac- 
cordance with ASTM Specification B 194-46T. How- 
ever, each coil of strip is inspected throughout its 
entire length on a special test stand. Strip is drawn 
by variable speed motor drive off a reel, passes be- 
tween a pair of soft buffing wheels to clean both sides 
of the strip, and then under a dial gage indicating 
thickness at the center of the strip width. From ther« 
the strip is drawn past a visual inspection station 
where, with the aid of a mirror, the operator observes 
both sides. Any portion of the strip outside of thick 
ness tolerance or having an imperfect surface is 
marked with blue so that spring blades made from 
this section of the coil can be identified and discarded 
later. 

Blades are made in two operations: the first opera- 
tion is blanking, the second a combination of bending 
and shaving the ends of the shorter legs. Then, after 
degreasing to remove die lubricant, the parts are strung 
on rods, racked, and loaded in heat-treating fixtures. 
Fixtures are closed with a screw clamp holding the 
nested parts under compression, and then heat treated 
in an air oven held at 600 F for 3 hr. After removing 
hardened springs from the fixture, they are spot 
checked for angle of bend by a gage, holding an 
angle tolerance of +1 deg. 

Blades were formerly heat treated loose in a shallow 
screen-bottom tray, but the heat treating fixtures 
make it possible to hold the angle of bend to closer 
tolerances. This, in turn, gives greater uniformity in 
air-gap and travel in assembled switches, which re 
duces rejects and cuts manufacturing cost 

The only remaining operations are attachment of 
the contact, assembly in the housing, adjustment and 
performance testing. 


call tor a tolerance of 
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Several other spring materials have been studied 
as alternates to beryllium copper, but no other ma- 
terial has been found that will give performance and 
life equal to beryllium copper without redesign. As 
a result, beryllium copper is being used today in every 
type of Micro Switch produced, from the one just 
described rated at 3% h.p., 120-vo. or 100-watt a.c. 
lamp load, to a small open switch rated at 4% h.p., to 
amp 

Back in 1937, the Engineering Department of Gen- 
eral Motors’ Delco Products Div. was given the as- 
signment of reducing the cost of an existing house- 
hold refrigerator motor control without sacrificing 
performance. The control had two functions: it opened 
the starting winding when the refrigerator motor 
reached normal speed, and opened the line on over- 
load. 

A new compact design using the linear expansion 
of a hot wire for the current sensitive element was 
developed with two independent snap action contact 
springs. In this design full line current is carried 
through the resistance wire which is heated and ex 
pands, allowing the arm to move under the action of 
the flat steel hinge spring staked to the arm. The hot 
wire element is designed to expand just enough 


to 5 sec. to open tl 


1€ top contact and disconnect the 
motor starting winding. Overload current causes fut 
ther heating and expansion of the wire, which the: 
opens the lower contact and disconnects the line. The 
relay is designed to cool at the same rate as the motor 
and will re-start automatically after a period of rest 


If overload remains, the relay cycles to keep motor 


temperature within safe limits. 

This design offered important cost savings, but to 
meet pertormance standards, the springs had to re- 
tain original calibration precisely over long periods 
of time. Since design simplification required that the 
spring blades carry the full starting and running cur- 
rent of the motor, a good conducting spring material 
was essential. Beryllium copper was tried and success- 
fully met all requirements. It stood up under heating 
induced by over-load currents, did not drift after ini- 
tial factory adjustment, and had ample endurance 
strength. The redesigned unit went into production 
in 1938 and is still being made in essentially the 
same form. 

The spring blade is made from beryllium copper 
strip 0.006 =+0.0005 thick, 12 in. wide, 4 nos. hard 
in coils. Each coil of strip, approximately 15 Ib., i 
numbered when received and test samples are cut 
from the outer end. Each coil is checked for harden- 
ing response to a minimum of 15N79. Hardness test 
specimens are heated along with regular production 
in sheet steel trays in circulating air oven held 
600 F for 2 hr. In addition t 
of the samples are also checked for tensile and elonga 


the hardness test. 109 


tion both before and after hardening 
In a recent shipment Of strip, typt il of usual 
| the test results 
Tensile 
Strength, Psi 11,000 to 121,001 t,000 to 213,000 


Hardness 
Elongation 


15 T 90-92.5 iS N 79-81 





Each of the two identical beryllium copper spring blades in the Delco control is punched in a progressive die; 
in the next operation contact is attached and center tongue bent, and then the assembly heat-treated in a 
circulating air oven. 


~ 
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As a check for excessive distortion occasionally 
encountered, about 6 ft. of strip from each coil of 
acceptable hardening response is made into finished 
parts, and checked tor warpage. If distortion is ex- 
cessive, a recheck is made and if found again the 
coil is not used. 

Spring blades are made on a progressive die with 
stock fed through a roll straightener. Special atten- 
tion is given to avoiding any burrs along the sides of 
the center tongue since life tests indicate that fatigue 
failure may result. These burrs, which form after the 
tool starts to wear, usually determine the length of 
the press run before the tool must be removed for 
sharpening. Usual production runs are 50,000 to 
100,000. Cadmium plated strip is being tried to in- 
crease the production runs between sharpening of 
the die. 

In the next operation, contacts are staked on agen 
blade and the tongue bent to an angle of 20 deg. i 
a single set-up. Staking is done before heat- sation 
sO riveting strain can be relieved in hardening. Parts 
are placed in a single layer in shallow steel trays and 
heated in a circulating air oven held at 600 F, with 
a maximum permissible variation of 5 deg. as indi- 
cated by a recording temperature controller. Heating 
time is 2 hr. after the recorder indicates the furnace 
has reached 600 F. No check is made on hardness 
after heat-treatment. 

Springs are attached to arms by staking, and then 
assembled in the control. The link between the two 
springs is adjusted, stationary contacts are bent for 
proper relation between opening of the two snap 
switches, and the operating current setting made by 
adjusting the tension of the hot wire. 

Samples from each week’s production are checked 
for durability, and must run 2 million cycles or more. 
Occasional failures occur during this performance 
test, usually well beyond 2 million cycles and due to 
wear in the notch in the end of the center arm. 

One of the earliest applications for beryllium cop- 
per coil springs was a mandrel-coiled compression 











Heavy duty, remote control 
lighting switch made by Auto- 
— matic Switch uses beryllium 
copper for all springs to re- 
duce manufacturing cost and 
at the same time improve op- 
erating performance. 


spring made by Instrument Specialties for a magnet- 
ically operated remote control switch built by Auto- 
matic Switch Co. This switch uses a unique solenoid 
type movement for operating the contacts. Operating 
motion is obtained from a magnetic iron core in the 
solenoid acting through a long compression spring 

The spring material had to be non-magnetic since 
it operated within the solenoid field, and also cor 
rosion resistant to outdoor weather. Installations of 
this type require a switch capable of operating over 
a wide voltage range to accommodate long control 
wire runs and line voltage variations. The core spring, 
therefore, had to be held to close limits on load-de- 
flection rate and free length. Low drift or freedom 
from change of tension in service was important for 
the same reason. 

Stainless steel springs used at first met the require- 
ments for corrosion resistance and non-magnetic prop- 
erties, but variations in free length and deflection 
rate made it necessary to select springs for each 
switch. To compensate for drift in service, the springs 
had to be selected a little on the strong side, which 
used up quite a bit of the tolerance range. 

An investigation of drift in beryllium copper had 
just disclosed it had unusually stable properties, and 
in 1938 some beryllium copper springs were made 
on a regular coiling machine. They proved to be 
relatively free from drift, but variations in free length 
and load test were greater than for stainless as the 
result of distortion that took place during hardening 

The problem of uniformity was taken to Instrument 
Specialties who had made the drift study, and was 
solved by the development of a special mandrel coil- 
ing machine (patented) which coiled a continuous 
string of springs on a steel mandrel. When heat- 
treated on the mandrel the springs set to the shape 
in which they were coiled; they were then removed, 
cut apart, and the ends ground square. 

By using a precision lead screw for the coiling 
guide it was possible to lay the wire on the mandrel 
with much greater accuracy than obtained in usual 
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coiling machines in which the final dimensions of 
the spring are a function of spring back or temper 
in the wire. To make the beryllium copper springs 
conform or set accurately to their coiled shape, a 
heat-treating temperature of 700 F was used with the 
time at a temperature selected to give the springs 
the lowest rate of drift under load. 

Because of the relatively short heat-treating time, 
usually 12 to 15 min. and the necessity for accurate 
control of heating time, the higher hardening tempera- 
ture required a salt bath. Quenching into cold water 
established the end of the heating time. To remove 
all traces of the salt, heat-treated mandrels were 
washed in a cleaner, rinsed and dried. 

With the development of mandrel coiling, not only 
was the problem of hardening distortion solved, but 
it was also possible to control free length, coil diam- 
eter and load-deflection rate to much closer tolerances. 
With its low drift properties, beryllium copper then 
solved the problem. 

Performance specifications and dimensional toler- 
ances originally set up and maintained through many 
years of production on this spring are: 


Free length ....... 3.812 =0.050 in. 
Outside diameter 0.415 +0.005 in. 
Wire size ......... 0.0453 — 
Number of coils ... 27 — 
pO ee eee 6 lb. 3 oz. — 
Length under load 1.812 =0.050 in. 


Drift, 1 hr. under test 
| ae Ceeeren 0.001 in. max. 

Springs are checked for load test using an Electronic 

Micrometer spring tester. Production is spot checked 

for drift on the same instrument. 

Material used for these springs is purchased under 
a specification calling for a minimum tensile strength 
of 200,000 psi. after hardening. Wire is ordered 3 
nos. hard in coils, with a silver coating which reduces 
wear on coiling tools. 

Beryllium copper for this core spring was so suc- 
cessful in cutting assembly cost and improving per- 
formance of the switch that its use was considered 
for each of the other springs in this switch. After 
some development and minor redesign, beryllium 
copper was adopted in 1938 for all of the springs. 
These included, in addition to a long core spring, a 
fixture heat-treated flat spring for accurate position- 
ing of the arcing contacts, short compression springs to 
provide and hold the desired contact pressure without 
set under elevated operating temperature, and a tor- 
sion spring used in the operating linkage giving more 
Operating power than obtainable with a bronze spring. 

One of the earliest large scale applications for this 
lighting switch, after changing over to beryllium cop- 
per, was for the central fountain at the World’s Fair 
in New York. Today, it is extensively used for 
manual or remote control of lighting loads up to 
200 amp. 

Beryllium copper has made one of its most signifi- 
cant contributions as a diaphragm material. One of 
the pioneer production applications, still going strong, 
was in the Cutler-Hammer refrigerator temperature 
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Beryllium copper springs in the Automatic Switch light- 

ing control. Both of the compression springs are 

mandrel coiled to obtain close tolerances and low drift. 

The torsion spring is fixture formed to final shape and 

the contact blade heat-treated flat in a fixture. All four 

springs are by Instrument Specialties; all are hardened 
in salt bath. 


control. Beryllium copper made the development of 
this device possible and set much higher standards of 
performance than previously obtainable at reasonable 
cost. Re-evaluation of the design today shows that 
beryllium copper still remains the lowest cost answer. 

The problem faced by Cutler-Hammer engineers 
back in 1937 was to design a control having (1) 
greater sensitivity, (2) smaller size, and (3) lower 
cost. Beryllium copper was just then becoming avail- 
able in thinner gages, and its properties appeared 
prom ising. The first approach was a two-section wafer 
assembled by silver soldering. This design was soon 
followed by the final answer in the form of a single 





Cutier-Hammer’s refrigerator thermostat was one of the 

earliest production-scale uses of beryllium copper for 

diaphragms. The drawn cup is welded inside the brass 

shell, which serves as a heat-treating fixture during 
hardening. 
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Deep draw in the Cutler-Hammer diaphragm requires 

careful control of raw material, but has the advantage 

of placing the welded joint where operating stresses 
are minimum. 


single section diaphragm assembled inside a brass 
shell or cup and sealed by welding. 

One of the unusual aspects of this design is that 
the brass cup in effect becomes a heat treating fixture. 
By welding the diaphragm to the cup before heat 
treatment, distortion of the mounting flange—a com- 
mon cause of non-uniform deflection rate—is effec- 
tively prevented, and the brass cup protects the dia- 
phragm from possible damage during hardening. 

Properties of beryllium copper that are significant 
in this design are: 

1. Combination of low elastic modulus and high 
strength which provides high sensitivity (large 
displacement for small change in temperature ), 
thus reducing the diameter and number of 
sections required. 

2. Uniformity in shape, obtained by working with 
soft material, contributes to uniformity in cali- 
bration. (Annealed material used has no direc: 
tional properties. ) 

3. Good deep-drawing properties permit forming 

a deep flange which allows placing the weld 

where stresses are Minimum. 

Sound metal and good surface contribute to a 

gas-tight structure. 

5. Corrosion resistance to moisture and food acids. 

6. Freedom from drift or creep (obtained by 
higher temperature heat treatment) gives the 
control performance comparable to that of an 
instrument. 


> 









Material for the diaphragm is purchased in the 
form of strip 2 in. wide, and 0.005 in. thick with 
tolerance of +0.00025 in. on thickness. Strip is sup- 
plied in coils, annealed with a maximum grain siz« 
of 0.035 mm. and a hardness specification of 15 T 78 
to 85, as measured on a diamond anvil with a stee| 


ball. 


Each coil received is checked for hardness on sam- 
ples taken from both inside and outside the coil. 
Specimens are then heat-treated along with regular 
production at a temperature of 635 F for 2% hr., 
and again checked for hardness to a minimum of 
15 T 94. Spot checks are also made on tensile strength 
before and after hardening on those coils showing 
low hardness as received. Coils with high hardness 
as received are checked by running a few feet of strip 
through the die. If the material draws properly the 
coil is used. 


Tooling used is a compound die which produces 
the diaphragm complete in one operation. Several 
duplicate tools are provided so that production can 
be maintained when tools must be removed for sharp- 
ening. 

Diaphragms as they come from the tool are welded 
to the brass cups or holders and heat-treated in wire 
mesh baskets holding about 200 pieces, in a circulat 
ing air electric furnace. A recording temperature 
controller holds temperature well within 5 deg. fos 
the 214-hr. heat treatment. Work is loaded with the 
furnace at temperature and the measured time starts 
with loading. Care is exercised to maintain uniform 
loads. 


After hardening, the capillary tube is attached to 
the holder, the gas charge added, and the pressure 
system sealed. Units are then aged at about 165 F to 
test for leaks, and then assembled into controls. The 
complete control is given another aging period at 
190 F, which is a far more severe test than it will 
ever receive in use, and serves as a thorough check 
on any tendency to drift or set. After this test the 
final calibrating adjustments are made and the control 
is ready to ship. 


Samples from production are taken regularly and 
life-tested for 500,000 cycles at a load corresponding 
to the normal operating range. Changes found in 
temperature settings measured after the life test give 
an accurate measure of the stability. Endurance fail- 
ures are rare, but when they do occur the diaphragm 
fractures where the flange joins the corrugated sec- 
tion, usually as the result of strip lacking in ductility. 


These are but four typical examples. Many other 
equally interesting case histories could be cited. For 
example: speed governor for adding machines, cali- 
brated spring for aircraft tachometer, diaphragms in 
two more refrigerator thermostats, a leaf spring i 
room thermostat, blades in several other snap a 
diaphragm for pressure gage, contact springs in motor 
control, core guides in power solenoids, bourdon 
tubes for steam gage. But in every case the story is 
much the same. Where an application has stood the 
test of time, it is because the designer had the oppor- 
tunity and the vision to design to take full advantage 
of what beryllium copper had to offer. 
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Pins such as these made of K 138 as supports in porcelain enamel firing furnaces 


have shown a useful service life of 6 weeks. 


or High Temperature Applications 


NEW CARBIDE designed specifically to stand up 

under temperatures which rapidly destroy con- 

ventional carbide compositions has been devel- 
oped by Kennametal Inc., Latrobe, Pa. The material 
known as Kennametal Grade K 138 is characterized 
by its light weight (24 the density of ferrous alloys), 
high thermal conductivity, high thermal shock re- 
sistance, and high strength and corrosion resistance 
at elevated temperatures. 

As yet, K 138 is too new to have been widely ap- 
plied. However, it is being used as pins for sup- 
porting work going through porcelain enamel firing 
furnaces with excellent results. Actual service has 


This new material in the “‘ceramal”’ 
group has excellent properties at 
elevated temperatures and looks prom- 
ising for such uses as gas turbine 


buckets and furnace parts. 
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shown a useful life of at least six weeks as compared 
to 10 hr. for cast nickel-chromium alloy pins. The 
NACA and other interested groups have been study- 
ing the use of K 138 for gas turbine buckets. Tests 
have not progressed to the point where results can 
be announced. Further suggested applications are for 
furnace parts, roll guides and other high temperature 
structures. 

K 138 falls into a new category of materials for 
which the term “ceramals” has been coined. Ceramals 
contain both metals and compounds. Into this cate- 
gory are placed oxides admixed with a minor per- 
centage of metal and fused following ceramic prac- 
tice; or, hot pressed carbides admixed with metals 
and shaped and sintered by so-called powder metal- 
lurgy methods. 

Methods used for making K 138 shapes are similar 
to those for making cemented carbide tool shapes, 
ilthough some special processes were developed 
K 138 contains no tungsten carbide, a major ingre 
lient of all tool compositions. The cobalt metal used 

K 138 is the same as that used in tool composi 
tions and titanium carbide; the other principal in 
oredient of K 138 is also used in carbide cutting 
compositions. This is the first commercial composi 




















tion with titanium carbide as the only carbide con- 
stituent. 

Parts and shapes made of K 138 must be made 
reasonably close to final size, since the pressed and 
sintered product cannot be machined. Grinding can 
be used to attain final finishes. Some machining can 
be done when the material is in the “green” state 
before sintering, if complicated shapes are involved. 
The material cannot be brazed satisfactorily, so in 
most instances it must be fastened mechanically. 

The strength at room temperature of K 138 is un- 
affected after heating at 2100 F for 48 hr. The heat 











This exhaust valve seat for a Diesel engine is made 
with K 138. 






Shown here are some of the shapes in which K 138 is produced. 








shock properties are good, as is indicated by the fact 
that no change was observed in pieces which were 
heated repeatedly to 1800 F in a muffle furnace and 
quenched in water. Heating to the same temperature 
(1800 F) and air cooling had no effect other than 
the initial discoloration of the surface. 

The accompanying table lists properties of K 138. 
Most of the characteristics of this material are su- 
perior to type 302 stainless steel and many of the 
cast and forged “super alloys.” The latter group in- 
cludes precision casting alloys and others with high 
cobalt or molybdenum, chromium, nickel, etc. 


Properties of K 138 


Transverse Rupture Strength 175,000 to 210,000 


(Room Temperature ) psi. 
Transverse Rupture Strength 

(1800 F) 100,000 psi. 
Tensile Strength at 1800 to 

2000 F * 15,000 to 21,000 psi. 


Young’s Modulus of Elasticity 55,000,000 psi. 

Hardness, Rockwell A Scale 91.0 to 92.0 

Specific Gravity 5.5 

Thermal Expansion 5.0 x 10°° per deg. F 
(300 to 1200 F) 

0.085 cal./sec./deg. 


Thermal Conductivity 


C/cm. 
Electrical Conductivity 5.0% of copper 
standard 
Resistance to Combustion No apparent attack 
Gases up to 2100 F in 48 hr. 


* Indications are that this figure may be higher. 


“MATERIALS & METHODS 








Some new types of heating 

equipment make use of re- 

fractory ceramic burners 
such as these. 





Properties and Uses of Technical Ceramics 


by HANS THURNAUER, Director of Research, American 


CERAMIC PRODUCT IS MADE of earthy or inorganic 

materials and heated to a high temperature dur- 

ing its manufacture. This definition comprises 
the products of the ceramic industry, of which only 
some are well known to the layman, such as brick and 
tiles, sewer pipes and sanitary ware, dinner ware and 
products of art. It also includes the lesser known 
technical ceramic products, indispensable for the 
solution of many technical problems. Iron and steel 
manufacture is dependent on ceramic refractories for 
furnace linings, the chemical industry relies on acid 


The special characteristics of technical 

ceramics make them useful for a num- 

ber of important industrial products, 

including electronic insulators, refrac- 

tory burners and fixtures for induction 
heating. 
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resisting stone ware, porcelain, or glass; modern tool 
making cannot exist without ceramic grinding wheels 
and other abrasive products made by ceramic methods. 

This discussion will be limited to some of the 
properties and applications of technical ceramic prod- 
ucts which customarily fall under the term of “Ceramic 
Whitewares.” It includes the diversified products of 
technical porcelain manufacture, both vitrified and 
porous types. 

The technical study of ceramic materials on a 
scientific basis began only 40 odd years ago, but the 
art of ceramics can be traced back to ancient times. 
Improvements in testing methods contributed to the 
development of better ceramic bodies for new appli- 
cations. The field of technical ceramics vastly ex- 
panded during the last 20 years, based on the utiliza- 
tion of new sources of raw materials, both natural and 
synthetic, and by adopting mass production methods 
which led to accurately formed products of reliable 
quality. Today it is possible to vary the properties 
of ceramics over a wide range by proper selection 
of raw materials, methods of preparation and form 
ing, firing temperatures and firing schedules 
























Data on mechanical and electrical properties of 
technical ceramics have been published in technical 
publications and in manufacturers’ literature; most of 
the data refer to specific materials. It is the purpose 
of this article to present a general survey of the 
more important properties and give examples of 
technical applications of products having advantageous 
properties. 


Apparent Density and Moisture Absorption 


Ceramic materials may be porous or vitrified (non- 
absorbent) and both types have their uses, depending 
upon the application. The porosity is usually measured 
by the amount of water which is absorbed and 
expressed as percentage by weight of water absorbed, 
or as that portion of the total volume of the mass 
which is taken up by pores. 

Highly porous ceramics, with a water absorption 
of from 20 to 40% by weight serve as filters in 
purifying systems, catalyst carriers used in chemical 


applications, or as radiants for gas heating devices. 


Materials of medium porosity, varying from 2 to 15%, 
are preferred for electrical insulators used at elevated 
temperatures, such as ceramic cores for electrical 
heaters or resistors. For high voltage insulation, only 
vitrified materials can be used. Vitrification of a 
ceramic material is determined by immersing a 
fractured ceramic specimen in a solution of fuchsine 
dye and alcohol and subjecting it to a pressure of 
4000 psi. For a vitrified body suitable for high voltage 
or high frequency applications, no dye penetration 
into the ceramic body is permissible. Bodies having 
no dye penetration, however, are not necessarily free 
from closed pores. As a matter of fact, most vitrified 
ceramic materials have a closed pore volume in the 
order of 2 to 6%, the amount depending on the 
method of manufacture and type of body. We, there- 
fore, speak of an apparent density of a ceramic 
material which is the composite value of the true 
density of the material and its voids or pores. An 





High frequency equipment 
uses a large portion of 
ceramic output for such 
parts as these low loss 
insulators. 


anology can be found in cast or sintered metals which, 
also, have an apparent density less than the true 
density. 

The apparent density of most ceramic materials 
is between 2 to 4 g. per cm.* They are, therefore, 
approximately twice as heavy as organic plastics, but 
only 14 to 3 as heavy as steel. Steatite ceramics with 
an apparent density of 2.5 to 2.8 have the same 
unit weight as aluminum. 


Heat Characteristics 


One of the outstanding properties of a ceramic 
material is its resistance to heat. Being composed of 
inorganic oxides, neither burning nor charring occurs 
at any temperature. The refractory value of a ceramic 
material is evaluated from its softening temperature. 
It is the temperature at which deformation takes 
place without application of load. If loads are ap- 
plied, deformation will take place at lower values. 
In most cases, ceramics are used well below their 
softening temperatures and the danger of deformation 
under continuous load can be disregarded. Cold flow, 
a serious limitation of many organic plastics, is non- 
existent for ceramics. Safe operating temperatures 
for ceramic materials are usually 200 to 300 C (392 
to 572 F) below the softening temperature for 
porous bodies, predominantly of crystalline structure 
and 400 to 500 C (752 to 932 F) below the softening 
temperature for vitrified materials which contain an 
appreciable amount of glassy binder. 

If ceramic materials are used at high temperatures, 
consideration must be given to the effect of other 
materials with which they may come in contact. 
Metals or metallic oxides may react with the ceramic, 
forming eutectic mixtures which may cause fusion 
at lower temperatures than the softening temperature 
of the ceramic indicates. A good example is the 
reaction of lead or lead oxide (from tetraethyl lead 
in high octane gasoline) with the ceramic spark 
plug core. Special nonreactive ceramic compositions 
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have to be chosen to avoid the deterioration of the Table 1—Melting Points of Refractory Oxides 
insulator trom this cause. Ceramics high in alkali Used in Ceramics 
content may react at comparatively low temperatures 

















with chromium oxide, originating from chromium- | Deg. Centigrade 
nickel resistance wires, and cause failure of electric 1. Thorium Oxide 3050 
heating elements. 2. Magnesium Oxide 2800 
The ability to withstand sudden temperature 3. Zirconium Oxide 2700 
; commas ' 4. Calcium Oxide 2570 
changes without cracking is an important require- 5. Beryllium Oxide 2570 | 
ment for many ceramic applications but is a property 6. Strontium Oxide 2430 , 
hard to obtain. Heavy or irregular cross sections may 7. Aluminum Oxide 2050 
crack under thermal stresses, whereas thin and uniform 8. Chromium Oxide 1990 
GR ah he 9. Silicon Dioxide 1710 
crossection of the same composition might stand up 10. Titanium Dioxide 1640 
very well under the same conditions. O. Schott and 





A. Winkelmann established an empirical formula to ’ 
grade the thermal shock resistance of glasses, which, 
in a limited way, is also applicable for other ceramic 























materials. 
T K , . 
WwW = Table 2—Comparison of Moh’s Hardness and | 
Sk an pc Knoop Hardness Numbers 
W = Thermal shock resistance 
T = Tensile strength Mohs’ Scale Specimen Knoop Indenter Number 
E = Modulus of elasticity , 1 Tolono sab 
n = Coefficient of thermal expansion 2 Gypsum 32 
. <= Thermal conductivity 3 Eanes ve 
eS eee 4 uoride 3 
P et fa ae 5 Apatite 395 
. opecinc neat. 6 Orthoclase 560 
The f i eae | scene thh Sib deel Vien 7 Quartz 750 
1e formula states that a material of good therma 3 Topaz 1250 
shock resistance has to be of low modulus of elastic- 9 Corundum 1635 
ity, low coefficient of thermal expansion, high thermal 10 Diamond 8000-8500 











conductivity, low heat capacity. Unfortunately, only 
thermal expansion and thermal conductivity can be 
varied to an appreciable extent. Vitrified products in 


Table 3—Comparison of Some Typical Structural Materials 





























Vitrified Porous Organic 
Ceramics Ceramics Glass | Plastics Steel Aluminum 
Apparent Density, g./cm.* 2-4 1.6-2.8 2-3 1-2 7.8 2.7 
|( Heat resisting ) 

Safe Operating Temp. Deg. C 800-1500 900-1600 400-500 | _ 60-200 | 650-850 200 
Thermal Conductivity g. , | | ) 

cal. x cm. 
Cm.? x sec. x Deg. C 0.002-0.05 | 0.003-0.005 | 0.002-0.004 | 0.0002 | 0.1 0.5 
Linear Expansion per Deg. Cc i 22405 25-2 1.5 2.5-11.0 { | 20-120 | 7.5-19 a 23.9 
Modulus of Elasticity, : x ‘wdiel 

10° Psi. 7-52 2-10 9-11 } 0.1-3.5 | 30 10 
Tensile Strength, Psi. | 3000-30,000 | 700-3500  6000-10,000 | 4000-8000 | 80,000-300,000 | 30,000-60,000 
Compressive Strength, Psi. 25,000-250,000 15,000-60,000 | 50,000-170,000 | 7000-30,000 | til — 
Flexural Strength, Psi. : 9000-45,000 1500-9000 7000-18,000 | 7000-15,000 | — — 
Impact Strength, Ft.-Lb. | —_0.2-0.7 01-03 — 0.1-0.3 | 0.3-3.5 +50 ain 
Dielectric Strength, V./Mil.. 50-400 | 40-100 400-600 400-600 we are 
Resistivity Room temp., ty i 

Ohms /Cm.* 10°-10*° 10*?-10*° 10**-10** 10*?-10"* 10x10°° 2.8x10°° 
Te-Value Deg. C 300-1100 300-1100 200-300 puis — 
Dielectric Constant 5-5000 4-7 4.0-8 2.5-4.5 - — 
Power Factor (IMC) 0.05-0.0002 0.01-0.0002 0.01-0.0005 0.01-0.0001 ~— 
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Table 4—Typical Applications and Physical Properties of Some 














VITRIFIED PRODUCTS 























































Compressive Strength (Psi.) 25 000- 50, 000 


Flexural Strength (Psi.) 9000- 15, 000 











80, ,000- 250, 000 80,000-150, 000 
20, 000- -45, 000 















Chemical and Titania, Low 
High Voltage Alumina Zircon Titanate 
Porcelain Porcelain Porcelain Steatite Ceramics 
High frequency Ceramic 
Chemical lab- Sparkplug cores, Sparkplug cores,, insulation, capacitors low 
oratory ware thermocouple high voltage- electrical lightning 
power line in- insulation, pro- high temp. in- appkance arrester 
Typical Applications sulation tection tubes sulation | _ insulation insulation 
Specific Gravity (gm/cc) 2.3-2.5 3.1- 3.9 3.0-3.8 2.5-2.7 -—-3.5-4.0 
- { 
Water Absorption (%) 0.0 0 0 0.0 0.0 0.0 
Mohs’ Hardness i; 0 8.5-9.0 7.5-8.5 7.0-7.5 rf 0- 8. oO 
Coefficient of Linear Thermal ie ¢ | 
Expansion per deg. C ¢  (20- 700) 5.0-6.8x10"* ‘5. 5- 8. 1x10” 3.5-5.5x10°° 8.6-10.5x107° 7.0-10.0x10-* 
Safe Operating _Temp. (deg. oO) 1000 1350-1500 1000-1200 1000- 1100 800-1000 
Thermal Conductivity 0 
(cal./cm."/cm./sec./deg. C) 0.002-0.005 0.007-0.05 0.010-0.015 0.005-0.006 0.008-0.01 — 
Tensile Strength (Psi.) 3000-8000 8000-30, 000 —10,000-15,000 8000- 10,000 - 4000- 10,000 ; 


65, 000- 130, 000 
16, 000- 24, 000 


40, 000- 120,000 
10, ,000- 22, 000 








20,000-35,000 


Impact Strength, Ft.-Lb. 0.2-0.3 0. 5- 0. 7 0.4-0.5 0.3-0.4 0. 3. 0. 5 
Modulus of Elasticity (Psi) 7-14x10° 15- 52x10° 20-30x10°* 13- 15x10° 10- 15x10° 
Moderately h 
Thermal Shock Resistance good Excellent Good Moderate Poor 
Dielectric Strength 
(V. /Mil) (Y%-in. thick Specimen) 250- 400 400 250-350 200-350 50-300 
Resistivity (ohm/em. *) at Room | 
Temp. 10°?-10"* 10**-107* 10**- 1075 107?- 1075 108- 10°* 
Te- Value, deg. Cc 300- 500 700 700 450- 1000 200-400 ; 
“i ; ) 
Power Factor at IMC 0. 006- 0. 010 0. 001 “0. 002 — 0.0002-0.0020 0. 0002- 0. 0035 0. 0002- 0. 050 
Dielectric Constant 6. 0- 7.0 re 7 11. 0 8.0- 10. 5 5. 5- 7. 5 15- 5000 
Loss Factor at IMC _ 0.036-0.070 0.007-0.022 0.0016-0.0210 0,001-0.026 — 





Note: 


particular have a very high modulus of elasticity and 
usually show poor heat shock characteristics. Thermal 
expansion of ceramic materials can be varied between 
1 and 12 x 10-° per deg. C. The low expansion bodies, 
such as cordierite materials, are among the best 
ceramics resistant to heat shock and can be heated 
to red heat and dropped immediately in ice water 
without damage. 

Controlling and lowering thermal expansion of 
ceramic materials is used not only for improvement 
of thermal shock qualities, it is also important for 
matching thermal expansion of other materials used 
in conjunction with ceramics. Metal-ceramic seals, 
important in the development of high frequency 
vacuum tubes, have to be built from materials with 
matched thermal expansions to avoid strains, dis- 
tortion, or cracking. Wire wound enameled resistors 
serve as an example of matching three materials for 
thermal expansion. The ceramic core, the resistance 
wire, and the enamel cover have to be carefully 


The above figures represent comparative values only and vary within rather 
wide limits, depending on method of manufacture, site and shape, ete. 






















matched to withstand repeated heating and cooling 
in service. 

In designing high frequency electronic equipment 
or components, advantage can be taken of the fact 
that the thermal coefficient of expansion of a ceramic 
material is reproducible within close limits. It is 
possible to calculate the dimensional and resultant 
electrical changes caused by temperature and cor- 
rectly compensate for these predictable variables. 

Ceramic materials are not only poor conductors of 
electricity but also poor conductors of heat. This can 
be expected since both properties are dependent on 
electronic vibrations within the material. The thermal 
conductivity of a ceramic material can, therefore, be 
increased only at the expense of the dielectric proper- 
ties. 


Hardness and Abrasion Resistance 


The hardness of brittle ceramic materials cannot be 
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POROUS AND REFRACTORY PRODUCTS 
Alumina, Massive Fired 
Low Voltage Cordierite Aluminum Sili- Talc, 
Porcelain Refractories cate Refractories Pyrophyllite 
Resistor sup- High frequency 
Switch bases ports, burner insulation, 
low voltage tips, heat in- Vacuum vacuum tube 
vire holders, sulation, arc spacers, high spacers, 
ight receptacles chambers temp. insulation ceramic models 
2.2-2.4 1.6-2.1 2.2-2.4 2.3-2.8 
0.5-2.0 5.0-15.0 10.0-20.0 1.0-3.0 
7.0 | 7.0 7.0-8.0 6.0 
| | 3.6 pyrophyllite, 
5,0-6.5x107° 2.5-3.0x10°* | 5.0-7.0x10°° 11.5 talc 
900 1250 1300-1600 1200 
,004-0.005 | 0.003-0.004 | 0.004-0.005 | 0,003-0.005 
1500-2500 1000-3500 700-3000 2500 
5,000-50,000 | 20,000-45,000 | 15,000-60,000  20,000-30,000 
3500-6000 1500-7000 1500-6000 7000-9000 
0,2-0.3 0.2-0.25 0.17-0.25 0.2-0.3 
7-10x10° 2-5x10° 2-5x10° 4-5x10° 
Moderate Excellent Excellent Good 
40-100 40-100 40-100 80-100 
10*7-107* 10*4-10** 10'?-10** 10*?-107* 
300-400 400-700 400-700 600-900 
0.010-0.020 0.004-0.010 | 0.0002-0.010. 0.0008-0.010 
6.0-7.0 45-55 | 45-65 5.0-6.0 
0.060-0.140 0.018-0.055 | 0.0009-0.065 0.004-0.060 








measured by the same methods customarily used for 
ductile materials, such as metals or organic plastics. 
The relative hardness of ceramic materials can be 
expressed by using the so-called Mohs’ Scale, which 
was set up by the mineralogist Mohs more than 100 
years ago. The specimen is rubbed against a set of 
sample minerals of varying hardness and identified 
with a number, corresponding to that of the mineral 
which does not scratch nor abrade. An improved 
scientific method has recently been developed by 
Knoop, Peters and Emerson of the U. S. Bureau of 
Standards. A defined indentation is obtained on both 
ductile and brittle materials and indentation hardness 
values are obtained. The “Knoop hardness” of vitri- 
fied ceramics varies from 600 for hard porcelain to 
2230 for boron carbide, the hardest man-made mate- 
rial. The resistance to abrasion of a brittle material is 
directly related to its hardness, and ceramic materials 
are, therefore, widely used where abrasion resistance 
or grinding qualities are the determining factors. The 
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abrasives industry is based on the two ceramic raw 
materials: aluminum oxide and silicon carbide. Extru- 
sion nozzles, textile thread guides are made of vitri- 
fied abrasion resistant ceramic materials which have 
a smooth surface and can be polished to a high degree. 


Other Physical Properties 


An elastic body returns to its original shape after 
removal of the distorting force. Ceramic materials 
are ideal elastic bodies because they break without any 
trace of plastic deformation. The displacement of 
the various particles of a body relative to one another, 
produced by external forces, is called a strain. Elastic 
bodies resist strains by setting up internal restoring 
forces called stresses. The ratio, within the elastic 
limits of a material, of stress to corresponding strain 
is called the modulus of elasticity (Young’s modulus) . 
For ceramic materials, the modulus of elasticity is in 
the same order or magnitude as for steel. Organic 
plastics, on the other hand, have a modulus of 
elasticity a tenth to a twentieth smaller than ceramics. 

For ceramic materials, the elastic limit and the 
ultimate breaking point is practically identical. They 
do neither permanently stretch nor flow under load 
or strain, but return to their original shape after 
release of strain. Compared with metals which have 
high tenacity, ceramic materials are brittle. Their 
impact resistance is low and most mechanical failures 
can be attributed to impact blows. The proverbial 
bull in a china shop has, therefore, an easy task. 

Mechanical strength values of ceramic materials 
are customarily expressed in load per unit area cross 
section at which failure occurs. It is important to 
realize, however, that the distribution of stresses set 
up by load are not uniformly distributed over the 
cross sectional area, but are concentrated on the 
outer surfaces. Mechanical strength values per unit 
area of ceramic materials decrease with increasing 
cross sections and in evaluating or comparing data 
of rigid materials, it is important to take into con- 
sideration the cross sectional area of the test specimen. 

Vitrified ceramic materials show compressive 
strength values in the same order of magnitude as 
metals. Tensile and flexural strength values, on the 
other hand, are much lower. It, therefore, is desirable 
to load ceramic materials by compression rather than 
by tension. Most suspension high voltage insulators 
are designed for compression loads. 


Chemical Resistance 


Chemical resistance, 7.e. the resistance against the 
attack of corroding chemicals, depends on the com- 
position and physical structure of a material. Vitrified 
ceramic bodies are more resistant against chemicals 
than porous bodies. Most ceramic materials withstand 
the action of acids, with the exception of hydro- 
fluoric acid, which decomposes silicates to gaseous 
silicon fluoride. The resistance of ceramics to strong 
alkalies or to super-heated steam is not always satis- 
factory, but it is possible to formulate body composi- 
tions which will give very good service under all 
conditions of chemical attack. 
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Chemical stone ware and porcelain are outstanding 
building materials in chemical engineering. 


Electrical Properties 


The use of ceramics as electrical insulators can be 
traced back to the inception of electrical technology 
itself and has kept pace with the advancement of 
electrical science. The importance of ceramic insula- 
tors in our economy can be judged by the fact that 
in 1943 the various applications for ceramic insulating 
materials consumed about $44,000,000 worth (or 
40%) of the American White Ware industry’s total 
output. 

Dielectric Strength: The dielectric or breakdown 
strength of an insulating material is the voltage 
gradient at which electrical breakdown occurs. Since 
dielectric breakdown depends on a number of factors, 
such as thickness of test specimen, duration, rate of 
increase of the applied voltage, frequency, wave 
shape, electrostatic field distribution, etc., it is neces- 
Sary tO maintain uniform test conditions to obtain 
comparative values. 

Only vitrified ceramic bodies can be considered 
satisfactory for high voltage applications. Porous 
materials have a dielectric strength equal to air, there- 
fore, only 1/5 to 1/10 that of vitrified materials. 

Volume Resistivity: Volume resistivity of vitrified 
ceramic insulating materials at room temperature is 
in the order of millions of megohms. It is equally 
high for porous materials in dry atmosphere, but 
drops rapidly with increasing humidity. Volume re- 
sistivity of ceramic insulating materials at elevated 
temperatures is an important property and a deter- 
mining factor for the selection of insulating materials 
used in electrical heating appliances. The usefulness 
of a ceramic material as insulators at elevated tem- 
peratures is usually evaluated by its “Te-value,” which 
is that temperature in deg. C, at which the volume 
resistance of the material is one megohm/cm.* Some 
ceramic materials have Te values well above 1000 C. 

Surface Resistance: Since most ceramic materials 
have a relatively rough surface (unless glazed or 
polished), a continuous moisture film can easily col- 
lect on the surface. In most cases, surface resistance 
determinations actually measure the resistance of the 
moisture film rather than the surface as such. 

Where low surface resistance is objectionable, it is 
advisable to treat the surface with moisture repellent 
organic substances. Ceramic radio insulators which 
are exposed to moisture and operate under all existing 
climatic conditions are surface treated with organic 
waxes or silicone compounds. For outdoor installa- 
tions, glazing of exposed surfaces is recommended; 
a smoothly glazed surface not only sheds water but 
also facilitates cleaning. 

Dielectric Constant: No other insulating materials 
have as wide a range of dielectric constant values as 
ceramic materials. They can be produced with a 
dielectric constant of 5 up to values of 4000. High 
dielectric constant value is technically important when 
the material is used as a dielectric of a condenser, in 
order to get maximum capacity per unit space. The 
capacity of a dielectric condenser is not only propor- 
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tional to the dielectric constant of the dielectric but 
inversely proportional to the thickness of the dielec- 
tric. Since it is not practical to manufacture ceramic 
materials in layers as thin as obtainable in other di- 
electric materials, highest capacity values are still 
obtained by using a multiplicity of thin layers of mica 
or paper. 

A most important characteristic of ceramic con- 
denser dielectrics is the capacitance change with tem- 
perature. It is possible to produce ceramic materials 
with either positive or negative temperature co- 
efficient of capacitance and by proper combination, 
ceramic materials can be formulated with capacitances 
practically independent of temperature. High fre- 
quency condensers using such ceramic materials as 
dielectrics can be counted among the most accurate 
and stable condensers available. 

Power Factor and Dielectric Loss: It has been the 
aim of high frequency research to develop materials 
with low power factor. High frequency ceramics have 
been developed which meet all the requirements for 
insulation in the high frequency field. Low loss 
steatite ceramics with very low dielectric losses are 
extensively used wherever rigidity, high mechanical 
strength, and low dielectric losses have to be the de- 
termining factors. The production of low loss steatite 
insulators during World War II materially contrib- 
uted to the high quality of our electronic equipment. 

An interesting and novel application of low loss 
ceramic materials is for fixtures to be used in high 
frequency heating equipment. Low loss ceramics with 
good heat shock resistance can be exposed to the 
intense high frequency field, in which metals are 
brazed, sintered or melted, without being affected by 
the dielectric field. They can be accurately machined 
and retain their shape even at the high heat gener- 
ated during the brazing operation. 


Design Criteria 


Ceramic manufacturing processes are rather com- 
plex, and it is beyond the scope of this article to 
describe the varied method of forming ceramics. The 
user of ceramic materials should become acquainted 
with these processes to better understand the possi- 
bilities and limitations of ceramic materials. Some 
very useful information along these lines has been 
published by various manufacturers of technical ce- 
ramics and by the National Electrical Manufacturers 
Association. 

At the beginning of World War II, the American 
Standards Association undertook the task to establish 
American War Standards for technical ceramics, and 
these standards have proved so valuable that they have 
been adopted as standards, practically unchanged, by 
the National Electrical Manufacturers Association. 
There is no doubt that the practices of standardiza- 
tion will give further impetus for the economical pro- 
duction of technical ceramics and at the same time 
raise the quality level of the standardized product. 

Adherence to established design practices and close 
cooperation between the designer and manufacturer 
of technical ceramics will be the best insurance for 
the successful solution of technical problems. 
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This is another in a series of Manuals on engineering materials and processing 
methods, published at periodic intervals as special sections in Materials & Methods. 
Each of them is intended to be a compressed handbook on its particular 

subject and to be packed with useful reference data on the characteristics 

of certain materials or metal forms or with essential principles, best procedures 


and operating data for performing specific metalworking processes. 








Organic Finishes for Metals 


by H. R. Clauser, Associate Editor 


To some, finishes of metal parts are just paint. Those 
who study them properly, classify organic coatings 

as engineering materials and make their selection on 

an engineering basis. 


Presented here is a highly useful manual on organic 
finishes approached from the viewpoint of “what is needed 
in the finish,” to help the engineer more intelligently 
select and apply finishes. 
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The fine finish quality of lacquer is best obtained through airbrush application, as on this elevator door. (Photo: Courtesy Otis Elevator Co 
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In recent years the organic coatings field 
has grown by leaps and bounds. Bewilder- 
ing numbers of finishes have been devel- 
oped; and there seems to be no end to this 
expansion, with new coatings being an- 
nounced almost every day. Confronted 
with such a vast variety of coatings, it is 
litle wonder that metal products manu- 
facturers are sometimes confused and don’t 
know exactly how to go about selecting the 
organic finish that will best fit the job. 

It is to help them that this manual is 
written. It will describe the composition, 
characteristics and properties of organic 
finishes; it will explain the considerations 
involved in selecting a finish; it will discuss 
the properties and uses of the broad kinds 
of organic coatings—paints, enamels, lac- 
quers, varnishes, and specialty finishes. It 
will be concerned mainly with the coatings 
used in production line finishing of metal 
parts, usually termed production or indus- 
trial finishes, and only slightly with struc- 
tural steel and maintenance coatings. 

One of the major tasks encountered in 
selecting finishes is trying to unscramble 
and understand nomenclature and defini- 
tions of basic words and terms. Experts in 
the organic finishing field are the first to 
admit that fundamental terms are often 
used indiscriminately and that something 
should be done about it. And yet it is sur- 
prising to find that within the field itself 
they seem to understand each other rea- 
sonably well. Three different people may 
use a word such as “paint” in three dif- 
ferent ways, but somehow each one knows 
what the other two are talking about. To 
someone on the fringe of or outside the 
held, however, it gets quite confusing. 

In this manual an attempt has been 
made to use words and terms—and their 
definitions—in the way most widely ac- 
cepted by the finishing field. Too, the 
terms are defined as encountered and then 
used only in that one sense. For example, 
the term “paint” is used broadly in the 
finishing field to refer to any and all or- 
ganic finishes. It is also used to refer to 
one specific type of organic finish. Here it 
will be used only in reference to a specific 
| of organic finish. 
(here are two principal reasons for put- 
organic coatings on metals. One rea- 
is to make the product pleasing in 
earance; to give it the finishing touch 
makes it more attractive and more 
presentable than it would be without the 
finish. Another reason is to protect the 

metal against corrosion from such 
gs as moisture or chemicals. These are 
two most important reasons for using 
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Introduction 


organic coatings on metals, and we will 
only concern ourselves about them in this 
manual. 

Besides protection and decoration, there 
are several other uses of organic finishes 
that should be mentioned. They are used to 
provide surfaces that are easily kept clean 
for sanitation purposes; to obtain better 
light reflectance; and, for such things as 
promoting safety through use of colors. 

Organic finishes are engineering mate- 
rials. They are rightly classed as such, be- 
cause they have, like all engineering ma- 
terials, a definite function to perform. Thus, 
while the metal of which a product is 
made may resist stresses of various kinds, 
the coating must resist corrosive conditions. 
In fact, the performance of many industrial 
and consumer products is directly depend- 
ent on organic finishes. Take, for example, 
food and chemical containers where the 
primary requirement for successful per- 
formance is a coating that will protect the 
metal from corrosion or prevent the metal 
from contaminating the contents in the 
container. 

Because they are engineering materials 
and serve definite functions, organic coat- 
ings should be selected with the same care 
that is used in picking the other materials 
that go into a manufactured product. They 
should be planned for as part of the struc- 
ture at the same time as the other materials. 

A few words should be said here about 
the place of organic coatings in the over- 
all metal finishing field. Among the com- 
petitors for the finishing dollar there are 
a number of other kinds of coatings used 
on the surfaces of metals. There are metallic 
coatings, employing any of the common 
nonferrous metals, like zinc, cadmium, tin, 
nickel, chromium, copper, lead and alumi- 
num. There are also a variety of chemical 
surface treatments in which the metal sur- 


face is converted to a corrosion resistant 
film. And there are coatings of inorganic 
materials, such as vitreous enamels, cement 
and clay products. All of these have their 
advantages and limitations. It isn’t within 
the scope of this manual to make detailed 
comparisons between them. However, a 
few outstanding comparisons can be made. 

From the standpoint of versatility and 
range of use, organic finishing surpasses 
the other methods of metal finishing. Or- 
ganic coatings can be applied satisfactorily 
to practically all common metals and to all 
shapes of products. Their range of color 
and gloss is practically unlimited, which 
makes them extremely desirable where ap- 
pearance and attractiveness are primary 
considerations. 

In protection against corrosion, organi 
coatings are superior in some cases and 
inferior in others to metallic coatings. They 
cannot, for example, compete with metallic 
coatings like nickel and chromium plating, 
in this respect; although where possible 
they would be used in preference to these 
metallic coatings because of their lower 
cost. In many applications clear organic 
finishes can be applied over plating to 
further improve corrosion resistance. On 
the other hand, organic coatings are usually 
higher in corrosion resistance than chemical 
surface treatments. And, finally, in respect 
to such properties as hardness, toughness 
and flexibility, organic coatings compare 
favorably with some metallic coatings and 
less favorably with others. 

In the final analysis, it depends upon 
the particular job to be done. The follow- 
ing sections will try to give the range of 
characteristics, properties and usefulness of 
organic coatings so as to provide a general 
working knowledge of them and better 
compare them with other coatings for 
metals. 


Principal Types of Organic Coatings 














Type Vehicle Pigment Principal Drying Methods 
Enamel Varnish and/or resin All colors Oxidation and/or polymerization 
Lacquer Nitrocellulose with/or | Unpigmented | Evaporation 
without other resins or colored 
and plasticizers 
Varnish Resins combined with | Unpigmented | Oxidation and/or polymerization 
drying oils Evaporation 
Paint Drying oils All colors Oxidation 
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Like all mnaterials-selection problems, 
choosing the right organic finish for a 
product is always a compromise. While it 
is desirable to get a coating that will meet 
completely all requirements, it is usually 
found that there is no such ideal coating, 
and that sacrifices must be made of some 
properties to gain others. 

In selecting organic coatings it is ad- 
visable to consult with organic coating 
manufacturers. They are experts in their 
field and are prepared to help choose the 
coating that will do the best job. In some 
cases standard finishes from stock will be 
satisfactory; in other instances a special 
formulation may be necessary. But in any 
case, from the vast number of organic 
finishes available, it is usually possible to 
get a finish that has a surprising number 
of the properties required for the job. 

There are a number of questions that 
must be considered in solving the selection 
problem. The six major ones are: 


1. What kind of metal is being coated 
and what is its surface condition? 

2. What appearance is desired? 

3. What corrosive conditions must the 
coating protect against? 

4. How durable must it be—that is, 
what are the service conditions, in 
addition to the corrosive conditions 
that must be met? 

5. How is the coating to be applied and 
then dried? 

6. Cost? 


Kind of Metal and Surface Conditions 


Regardless of the function the organic 
coating is to serve—whether it be decora- 
tion or protection—it must adhere well to 
the underlying surface. All organic coatings 
do not adhere equally well to all metals 
and alloys. So it is the property of adhesion 
which is most important to consider in re- 
lation to the metal being coated. 

The adhesion of coatings varies con- 
siderably with various types of metals. A 
coating which is suitable for iron or steel 
may flake or peel in a short while when 
used on aluminum, zinc or some other 
metal. It is most important for the initial 
coating or primer, since it is in direct 
contact with the surface, to have good ad- 
hesion properties on the particular metal 
being coated. In subsequent coats the ad- 
hesion characteristics with respect to the 
metal are of relatively minor importance, 
while adhesion of the vatious coats to each 
other is of major importance. Details as 
to the finishes which adhere best to each 
of the common metals and alloys will be 
given under the section on primers. 

The condition of the surface being coated 
is extremely important in obtaining good 
adhesion. Both the physical texture and 
cleanliness must be considered. Highly 
polished surfaces cause more adhesion dif- 
ficulties than rougher surfaces. Thus, where 
polished surfaces are being coated the finish 
must be designed with extra adhesion 
qualities. 

Practically all metal surfaces are covered 
with layers of foreign matter of one sort 
or another. It may be rust, mill scale, sur- 
face compounds, dirt and grease. Very 
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often they are present in very thin invisible 
films. For optimum adhesion these con- 
taminants must be removed. Where they 
cannot be removed or are not removed be- 
fore coating, the compatibility of the coat- 
ing material with the contaminants largely 
determines the degree of adhesion obtained. 

The preparation of surfaces before ap- 
plying organic finishes is a large and im- 
portant subject in itself, but it is not 
within the scope of this article. However, 
in passing, it should be emphasized that 
surface preparation is as important to the 
eo of the finish as the coating 
itself. 


Decorative Considerations 


The decorative qualities that should be 
considered in selecting a finish are the 
color, the brightness, mass tone and clean- 
liness of the colors, the gloss, the color 
retention, and the hiding power or opacity. 
Where unique effects are desired, such as 
in wrinkle or hammered finishes, those 
effects are, of course, a major consideration. 

Color selection and gloss depend largely 
upon the use to which the part will be put. 
If it is a consumer item it invariably will 
need sales appeal. Bright and pleasing 
colors will probably be selected. If the parts 
are to be handled frequently, dark or dull 
finishes may be preferable to light, glossy 
ones. Where industrial items are involved, 
the selection of color and gloss should be 
made primarily from the standpoint of 
utility and ease of cleaning. It is difficult 
to get specific on the matter of color and 
gloss, because the choice of color or color 
combination is practically unlimited. Most 
organic coating manufacturers can provide 
a wealth of information about colors and 
their proper use. 

Color retention is an important property 
to consider, because not only is the initial 
appearance of the finish important but 
also how long the finish remains attractive 
under normal service conditions. Some 
colors are more likely to “fade” than others. 
Where white finishes are involved, the 
non-yellowing properties are especially criti- 
cal. They are particularly susceptible to 
such things as cooking fumes and tobacco 
smoke. Color retention depends to a large 
extent on the exposure conditions, the pig- 
ment used for coloring the coating, and the 
vehicle. 

Hiding power or opacity refers to the 
ability of a coating to obscure previous 
coats or the base metal. The hiding power 
characteristics are important because the 
influence the number of coats sueiied. 
The hiding power of a coating is usually 
determined for the film thickness that has 
been selected to meet the durability re- 
quirements. 


Protection Characteristics 


The protection of the base metal against 
corrosion afforded by an organic coating is 
probably its most important single property. 
Organic coatings prevent corrosion in three 
ways. The simplest of the three is me- 
chanical protection in which the coating 
isolates the metal from corrosive agents, 
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such as the atmosphere or chemicals. 
be most successful, the surface of the met! 
must be completely covered and the film 
free of pores. Thus, coatings that protec 
by mechanical means are used only where 
complete coverage is assured and where 
accidental puncturing of the film is unlikely 

The second way of protecting agains, 
corrosion involves the use of corrosion jp. 
hibitive pigments. They are probably the 
most used of the three types, because they 
are not as sensitive as the mechanical type 
of film to small breaks, nor does moisture 
impermeability have to be as complete. 
They have a certain passivating action on 
the surface of the metal which increases 
the metal’s corrosion resistance. The third 
method has somewhat limited use. It jp. 
volves the use of pigments that give electro. 
chemical protection to the base metal. 

It is, of course, obvious that before the 
base metal can be protected the coating it. 
self must be capable of resisting the effects 
of corrosive agents. Thus, not only must 
the pigment be considered but also the 
vehicle that will bind the pigment to the 
surface. In some applications a clear finish 
is desired, such as in food containers; in 
such cases the vehicle alone must resis: 
corrosive attack from the chemicals in- 
volved. 


Durability Factors 


Besides the things already mentioned, 
there are still a number of other charac- 
teristics that affect the life of the coating. 
In most applications it is not enough to 
have a finish that will be attractive and 
afford protection against corrosion. It must 
also be capable of standing up under other 
service conditions. These other desirable 
properties include wear and abrasion re- 
sistance, toughness and flexibility, chip re- 
sistance, and heat and cold resistance. Not 
all these properties are required in any 
given application, but usually at least sev- 
eral are involved. 


Processing Considerations 


The cost of applying an organic coating 
is usually many times greater than the cost 
of the coating material. Because of this, 
the methods that can be used to apply and 
subsequently dry a given organic coating 
are important considerations in the selec- 
tion picture. 

Methods of Applicatton—Organic fin- 
ishes can be applied by the following 
methods: brush, spray, dip, roller coat, flow 
coat, knife, tumble, silk screen, and elec- 
trostatic means. Of all these, application 
by brushing is the slowest. All the others 
are production methods. Whatever method 
of application is used, the coating material 
that is selected should have characteristics 
most suitable for that method. If the coat- 
ing material is to be sprayed, it should, 
for examole, spray easily with good atomi- 
zation and the spray should be sufficiently 
wet to give satisfactory leveling of the 
applied film. For dipping application, the 
coating should give a uniform film thick- 
ness and not sag or run excessively; and 
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Check List of Selection Factors 


Reproduced here is a typical report blank used by organic coating manufacturers to obtain the data necessary to select the proper 


finish for any particular job. 
ARTICLE FINISHED 


PREPARATION OF SURFACE PRIOR TO PAINTING 


Bonderized Degreased 
Chemically cleaned 


APPLICATION 
(1) Brush 


(2) Spray......Kind of gun 


Type of head, needles and nozzle 


(3) Dip—Consumption per day....(Gallons) Length of flow.... 
Operating temp 

Is it covered when not in use? 
Speed of withdrawall?................ Mechanical lift?................ 


Size of tank 


Hand-dipped?................ 


(4) Roller Coat—Pfund film reading 

How soon fabricated?.............. 
Is lithography and printing applied over the top?............ 
Is finishing varnish applied over the top?................c.cc0000 

(5) Flow Coating—Length of flow 


Object fabricated 


(6) Knife 


for flow coating, viscosity and solvent 
evaporation rate are the most important 
properties. 

The time required for the finish to set 
up is another processing factor. A quick 
setting material usually gives a cleaner 
finish, because it will not hold dust particles. 
However, setup should not be so fast that 
proper film leveling will not take place. 
Where a multi-coat system is used the un- 
dercoats may require good sanding prop- 
erties. Also, good adherence properties 
between coats is essential. Too, it is some- 
times desirable to use a coating on which 
minor finish repairs can be made after 
assembly with air dry or low temperature 
drying materials. 

Finally, the finish should be able to with- 
stand the normal handling encountered in 
production and assembly operations. This 
involves the properties of mar resistance, 
hardness and flexibility. 

_ Drying Organic Finishes—In production 
finishing, drying the coating after it has 
been applied to the product is of utmost 
importance. More than any other factor, 
it determines the speed at which the prod- 
ucts can be finished. Organic coatings dry 
by one or more of the following methods 
(termed “drying mechanisms”): (1) evap- 
oration or loss of solvent, (2) oxidation, 
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Solvent wipe 


REDUCTION 


% Reduction....Reducer....Gravity at which material is used.... 


Viscosity desired 


GLOSS 


AIR DRY 


Out of dust....To touch....To handle....Recoat....To wrap.... 


BAKING 


Drain or air-dry time before baking 


How agitated?.......... 


Time to reach this heat 
How long held at this temperature 
Is oven automatically controlled? ................c.cccsessessesenseeseesensees 
How is temperature indicated? 
Cooling—Time elapsed between conveyor and assembly or 


SHOP CONDITIONS— 
How is product wrapped? or packed? ...............:.cccccccesceeeeseeeeee 


How soon?............ I IN I i snccsnsncesedamencuibbaaibnians 


and (3) polymerization. 

When a coating material is applied to a 
surface, the first thing that takes place is 
evaporation of the volatile ingredients, 
which are almost always present in at least 
a small amount. Some finishes, such as 
lacquers, dry completely by evaporation 
of solvents. This evaporation process can be 
accomplished at normal or at somewhat 
elevated temperatures. Thus, ordinary air 
drying is generally used; in some applica- 
tions a forced air system may be used to 
drive off the solvents and reduce drying 
time. 

After evaporation of the volatile ingre- 
dients, those finishes that do not dry solely 
by evaporation are still in a semi-fluid state, 
and they depend upon either oxidation or 
polymerization, or a combination of both, 
to convert to their final hard form. 

In drying by oxidation, the oxygen from 
the air combines with certain constituents 
of the coating, which results in the hard 
film formation. Sometimes subsequent poly- 
merization is also promoted. Coatings that 
harden by oxidation are usually dried at 
room temperatures. In general, it is the 
slowest of the three methods. The coat- 
ings usually do not achieve optimum hard- 
ness for many days. The oxidation reaction 
continues in a reduced degree during the 





life of the finish, so that oxidizing finishes 
may eventually disintegrate through this 
“extension” of the drying process. How- 
ever, many interior oxidizing coatings last 
years without visible effect. 

Polymerization also involves a chemical 
reaction. Briefly, the reaction can be de- 
scribed as the chemical linkage of small 
molecular units to form much larger mole- 
cules. This can occur at normal or at ele- 
vated temperatures either in the presence 
or absence of oxygen. However, polymeri- 
zation is speeded-up by the use of heat, so 
most finishes that dry chiefly by this method 
are dried by baking at temperatures up to as 
high as 400 F. 


Cost 


Whenever possible organic finishing ma- 
terials should be purchased on the basis of 
coverage per gallon rather than price per 
gallon. In other words, the cost of the 
coating should be figured as the cost per 
sq. ft. of coverage. For example, a low 
priced coating may have lower coverage per 
gallon than a more expensive one, so that 
in the final analysis the more expensive 
coating material may prove to be more 
economical. 

As has been pointed out before, the ap- 
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plication and processing properties are im- 
portant considerations in the over-all cost 
picture. Thus, if an air-drying finish will 
serve the purpose and there is no produc- 
tion-line problem, it would be preferable 
over a baked finish which required con- 
siderable outlay in equipment and operating 















expenses. On the other hand, if fast pro- 
duction and high output is required, a 
baked finish or a rapid drying lacquer 
would be more economical than a slow air 
drying finish. 

The life of the product being coated 
must also be considered. Refinishing is an 






Many modern finish for- 
mulations are designed to 
serve in conjunction with 
accelerated drying methods, 
(Photo: Courtesy Despatch 
Oven Co.) 





expensive operation because of the time 
and labor involved, so high quality finishes 
with high durability should be selected 
where long term service is required, even 
though such coatings cost more. But where 
only a relatively short life is expected, the 
finish should be selected accordingly. 


Composition of Organic Finishes 


Organic finishes are made up to two 
principal components: a vehicle and a pig- 
ment. The vehicle is always there. It 
contains the film-forming materials which 
enable the coating to convert from a mobile 
fluid to a solid film. It also acts as a car- 
rier and suspending agent for the pigment. 
A pigment may or may not be present, 
but usually is present in protective coatings 
for metals. The pigments are held in sus- 
pension in the vehicle. They are the color- 
ing agents and, in addition, contribute a 
number of other important properties to 
the finish. 


Vehicles 


Vehicles are made up of film-forming 
materials and various other ingredients, in- 
cluding thinners (volatile solvents) which 
control viscosity, flow and film thickness, 
and driers which facilitate application and 
improve drying qualities. We will concern 


ourselves chiefly with only the film-forming 
part of the vehicle, because it is that part 
of the vehicle which to a large extent de- 
termines the quality and character of an 
organic finish. It determines the possible 
ways in which the finish can be applied and 
how the “wet” finish will dry to a hard 
film; it provides for adhesion to the metal 
surface; and it usually influences the finish’s 
durability. 

Vehicles can be divided into three main 
types: (1) oil, (2) resin, and (3) varnish. 
The simplest and among the oldest ve- 
hicles are the straight drying oil types. 
Resins, as a class, can serve as vehicles in 
their own right, but are perhaps more 
often used with drying oils to make the 
varnish type vehicle. Varnish vehicles are 
composed of resins and either drying or 
non-drying oils, together with required 
amounts of thinners and driers. Although 
their principal use in metal finishing is as 
a vehicle to which pigments are added to 


make paints or enamels, they are also some- 
times used in their own right as a metal 
finish. For this reason they are often classi 
fied as a full-fledged organic finish along 
with paints, enamels and lacquers. A dis- 
cussion of them will be ieft until we take 
up the principal types of organic finishes 
Next, we will discuss the film forming in- 
gredients — drying oils and resins — that 
make up the three types’ of vehicles. 


Drying Oils 


Vehicles consisting of oil only are used 
to a very limited extent in metal finishe 
Oils are confined almost entirely to mai: 
tenance and structural steel paints. Even 
these fields varnish type vehicles are bei 
used to a considerable extent. But sin 





drying oils are commonly used in varnish« 
a brief listing of some of them is w 
ranted. 


Linseed oil is the most important dryi: 
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pi] in use at the present time. There are a 
qumber of different kinds that differ in 
te of drying, and in such properties as 
water resistance, color and hardness. 

Tung oil or China wood oil, when prop- 
erly treated, excels all other drying oils in 
seed of drying, hardening, and water te- 
«stance. Oiticica oil is similar to tung oil in 
many of its properties. 

Dele castor oil dries better than 
linseed oil, but slower than tung oil. Some 
of its advantages are good color and color 
retention, amd flexibility. The oils from 
some fish are also used as drying oils. If 
processed properly they dry reasonably well 
and have little odor. They are often used 
in combination with other oils. 

Perilla oil is quite similar in properties 
to fast drying linseed oil. Its use is largely 
dependent upon its price and availability. 
Soybean oil is the slowest drying in the 
drying oil classes, and is usually used in 
combination with some faster drying oil 
such as linseed oil. 


Resins 


For convenience, resins can be broken 
lown into natural and synthetic types. A 
resin May come under one type or it may 
be a combination of the two. The natural 
resins come from the exudations of plants. 
Rosin is by far the most important one in 

e today. In its natural form it is obtained 
from pine trees. It is combined with many 
materials to form useful resins for organic 
finish vehicles. Other natural resins include 
the elemi, congo, kopal, and shellac resins. 

Synthetics are man-made resinous mate- 
rials, built up or synthesized by the union 
of simpler compounds. Because of the 
great variety of raw materials and the close 
control possible in their manufacture, most 
synthetic resins are superior to natural 
resins. Below, each of the principal syn- 
thetic resin- “families” is discussed. In fol- 
lowing this discussion it must be kept in 
mind that the resins are not necessarily 
used alone; they may be and very often are 
ombined with each other in many different 
ways to give the set of properties desired. 
What we want to do here in discussing each 
resin is list the chief characteristics and 
properties which they contribute to the 
rganic finishes whether they be used alone 
or in combination with other resins. 

Phenolics—Phenolic resins are formed by 
various combinations of phenols and the 
aldehydes. They are widely used in or- 

nic finishes because they offer a broad 
tange of properties to coatings. 

\s a group, phenolics have good dura- 
ty and are high in chemical resistance 
2 wide variety of chemicals. They are 
pervious to moisture, and highly re- 
int to salt atmosphere. Phenolics, them- 

s, are dark in color and are subject to 
coloration when exposed to sunlight. 
Thus, they have poor color retention and 
irc limited to finishes of colors other than 

te. However, they can be modified for 

ter color retention and for use in whites. 
henolic resins can be classified under 

broad groups, the 100% phenolics 
the modified phenolic types. The 100% 
nolics offer the optimum in durability, 
zhness, chemical and moisture resistance. 
ending on their composition, they may 
nay not be soluble in drying oils. They 

m a variety of vehicles. Some are air- 
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drying while others polymerize and harden 
with heat. One type of 100% phenolic is 
used in an alcohol solution as a baking 
lacquer. 

The modified phenolics are modified with 
other resins such as rosin and ester gums 
or with drying oils. In general, their prop- 
erties do not approach the 100% phenolics. 
A relatively recent advance is a group of 
phenolic dispersion resins that are modified 
phenolics dispersed in thinners. They dry 
to touch in about 5 min. entirely by solvent 
evaporation, giving an extremely durable 
finish. They have excellent adhesion to 
practically all metals and alloys. Another 
special group of modified phenolics are 
used in nitro-cellulose base lacquers to 
produce durable mar-proof finishes. 

Finishes containing phenolics find wide 
use. In the packaging field they are used 
for lining food and beverage containers. 
The finishes are usually applied by roller 
coating methods on flat tinplate and cured 
before the cans are fabricated. Because of 
their good chemical resistance, phenolic 
finishes are used in tanks and equipment 
for shipping and storing chemicals. Being 
impervious to water and moisture, they 
are widely used in primers for structural 
steel and underwater structures, such as 
dams, locks and water tanks. They also 
are used in aircraft primers and as under- 
coats in two-coat paint systems. 

Alkyds—Alkyds are another important 
family of resins widely used in organic 
finishes. Ordinarily, alkyd resins are light 
colored, hard and tough, but insoluble in 
drying oils. To make them a more suitable 
finish ingredient, drying oils are introduced 
into the reaction. The oils combine chemi- 
cally with the alkyd to form what are 
commonly called oil-modified alkyd resins. 


fir ) 
TAT ALL ae 
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The type and amount of oil modifier may 
vary over a wide range; also, natural or 
synthetic resins may be added. Thus, there 


are available innumerable combinations. 


Oil modified alkyd resin vehicles may be 
formulated to harden by any one or any 
combination of the three drying methods. 
The oxidizing or air-drying types can be 
used as the sole film former or in com- 
bination with other drying oils and resins. 
The nonoxidizing types are used as plas- 
ticizers in nitrocellulose lacquers and syn- 
thetic baking finishes. 

The outstanding characteristic of oil- 


modified alkyd vehicles is their excellent 


durability. They dry to tough, hard films 
that retain their flexibility and have high 
gloss and good color retention. In exterior 
durability they surpass all other types, in- 
cluding 100% phenolic resin types. One 
of the chief reasons for this is their high 
resistance to the destructive effects of ultra- 
violet light. 

Oil-modified alkyd vehicles alone usually 
form a pale film. In enamels they have 
good color retention, this being somewhat 
dependent on the oil used. They also have 
good oil resistance, but where strong alka- 
lies are concerned the phenolics, in general, 
are better. 

Formerly, one of the most important 
uses of this class of resins was in automo- 
bile finishes to replace the lacquer type 
finishes. They were more durable and 
more economical and the drying was 
speeded up through the application of 
heat. However, since then alkyds have 
found wide use as additions to lacquers. 
Thus, they are largely responsible for many 
of the recent improvements in lacquers, in- 
cluding higher solids, higher build and 
gloss, lower solvent costs, improved color 
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Production, sales and design engineers often confer on the finishing material for a 
product to make certain it will satisfy all demands. (Photo: Courtesy Servel, Inc.) 
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retention, and durability. Other typical 
uses of alkyd resin finishes are for house- 
hold appliances, and architectural white 
finishes. 

Ureas and Melamines—Urea and mela- 
mine are from the same plastics family and 
have similar characteristics. They are ther- 
mosetting, dry by polymerization and are, 
therefore, used exclusively in baking fin- 
ishes. They give a water-white, hard film 
with good chemical resistance. Because of 
their brittleness, they are almost always 
combined with alkyds. In this combina- 
tion they contribute fast baking time, hard- 
ness and miar-resistance; also, depending 
upon the alkvd used, they improve color 
retention. 

The melamines in general are rated 
somewhat above the ureas. They are higher 
in cost, but are faster drying, more heat 
stable, and have better chemical resistance. 

The melamines and ureas are used in 
baking enamel vehicles, for a variety of 
products, particularly where white or pastel 
tinted finishes are required. Typical ap- 
plications are in household appliance fin- 
ishes, such as refrigerators, stoves, and 
washing machines. 

Vinyls—Where vinyl resins are employed 
in organic finishes they are almost always 
the sole film-forming ingredient. When 
used on certain metals, particularly iron, 
they must be plasticized and _ stabilized. 
Vinyls are carried in a volatile solvent and 
dry by solvent evaporation. However, the 
vinyl resins do not always release the sol- 
vent readily and sometimes must be baked 
to dry completely. Heating also fuses the 
film to surface, promoting better adhesion 

Vinyl resins are thermoplastic; they origi- 
nally had low solids and high viscosity, 
therefore poor body and poor spraying 
characteristics. However, recent advances 
have gone far towards eliminating these in- 
herent disadvantages. The resins are water- 


Sep, 
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white, odorless, tasteless and non-toxic; for 
these reasons they are widely used for food 
and beverage containers. When properly 
plasticized, their films are tough and rub- 
bery. They also have excellent resistance to 
moisture, acids and alkalies. However, their 
water resistance diminishes rapidly above 
212 F. Because of their flexibility, vinyl 
coatings will stand rather severe forming 
operations. Their high chemical resistance 
suits them for use as stop-off lacquers in 
electro-plating baths, and for pipe linings 
and chemical storage and processing equip- 
ment. Since vinyl resins turn black if in 
contact with certain metals (steel, zinc, tin) 
during the baking cycle, it is necessary in 
coating these metals to apply them over a 
primer to avoid discoloration. However, 
as mentioned above, they may be stabilized 
to prevent discoloration. 

Acrylics—The resin of this family most 
commonly used in metal finishes is poly- 
methyl-methacrylate. It is a water-white, 
transparent thermoplastic resin soluble in 
organic solvents. The coatings in which it 
is used dry best by forced drying or baking. 
The main deterrent to its wide use is its 
high cost. Its most valued characteristic is 
high resistance to discoloration at tempera- 
tures as high as 500 F. Thus, its principal 
use is in white enamels for high tempera- 
ture service. 

Besides excellent color retention, this 
acrylic has good resistance to moisture, 
mineral oil, vegetable acids and other dilute 
acids, alcohols, and most chemical fumes. 
Because the clear film adheres well to 
polished surfaces, it is widely used on plated 
surfaces and to protect metals such as silver, 
zinc, copper, aluminum and stainless steels. 
Clear solutions of the resin are neutral, and 
are, therefore, often used in luminous paints 
as the binder for the phosphorescent pig- 
ments which are adversely affected by acidity 
and moisture. 





If pigments are added to a clear acryli 
resin vehicle, the film tends to be brittle 
especially where pigmentation is high, an 
therefore must be plasticized. 

Maleics—Maleic resins are very complex 
resinous materials formed from the reac- 
tion of rosin and glycerine with malei: 
anhydride added. They dissolve in most 
oils to form good drying, high viscosit 
vehicles that have good color and color 
retention, second only to the alkyds. I: 
durability they compare favorably with the 
modified phenolics. Because of these char- 
acteristics they serve chiefly as a varnis! 
ingredient in white as well as colore 
enamels. They are also an important com 
ponent in many nitrocellulose lacquers. 

Polystyrenes—In appearance the pol) 
styrenes are basically colorless; they are 
tasteless and odorless and have good re- 
sistance to water and moisture, acids, and 
alkalies. Although they have excellent 
flexibility and wear and abrasion resistance 
properties, they are not particularly tough 
and lack good adhesion to metal. Because 
polystyrene solutions are high in viscosity 
and low in solids content, they tend to be 
stringy when sprayed. Polystyrene resins 
are used largely as blending agents with 
other film formers, and have wide use as 
an ingredient for lacquers and as vehicles 
for phosphorescent pigments. 

Silicones—These resins are recent 
velopments in the plastics fields. They ar¢ 
just beginning to be used as an ingredient 
in protective coatings. Their outstanding 
characteristic is resistance to extreme heat 
Panels coated with a silicone bearing finis! 
have been subjected to 600 F over lon 
periods of time with practically no col 
change. Chemical resistance and durabilits 
are also excellent. They are extremely stal 
and resist outdoor weathering. The big d 
advantage at the present time is their v¢ 
high cost. 
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Pigments 


Pigments are the second of the two prin- 
cipal components that make up most or- 
ganic finishes. It has been pointed out 
previously that pigments are not always a 
necessary part. But in finishes for metals, 
in comparison to pigmented coatings, clear 
coatings find only limited use. 

Pigments contribute a number of im- 
portant characteristics to organic coatings. 
They, first of all, serve a decorative func- 
tion; they give the coating color to make it 
pleasing to the eye. The choice of color 
and shades of color by use of one or com- 
binations of pigments is practically un- 
limited. Closely associated with color is the 
hiding power function or their ability to 
obscure the surface of the material being 
finished. This property furnishes opacity to 
the dried film and largely determines the 
number of coats required to obscure a pre- 
vious coating or an uncoated surface. 


Having discussed im some detail the 
Principal ingredients that go into organic 
finishes, this and the next section will go 
into specific types of finishes formed with 
these vehicle and pigment components. It 

a difficult matter to find a generally ac- 
pted way of classifying the variety of 
rganic coating types, and any method 
selected is arbitrary. For the purposes of 
this manual we are going to discuss them 
nder two broad categories: undercoats, 
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Modern organic finishing set-ups 
include spray booth, continuous 
conveyors, air conditioning, water 
curtains and exhaust systems to 
remove all paint fumes. 


In addition, pigments may contribute to 
the protection afforded by the finish. In 
many primers, for example, the principal 
function of pigments is to prevent corro- 
sion of the base metal. In other cases they 
may be added to counteract the destructive 
action of ultra-violet light rays. Pigments 
also help give body and good flow charac- 
teristics to the finish. Their presence makes 
it easier to coat uneven surfaces with a 
resulting smooth appearance. And, finally, 
some pigments may give to organic Coat- 
ings what is termed “package stability”’— 
that is, they keep the coating material in 
usable condition in the container until 
ready for use. 

Some pigments provide a number of 
these characteristics, while others provide 
only a few and must be combined with 
others to attain all the desired properties. 
Thus, there are single pigment coatings and 
multi-pigmented coatings. 

Pigments can be conveniently divided 
into three classes as follows: (1) white 


Undercoats 


and top or finish coats. 

This section will be concerned with un- 
dercoats, which are simply defined as those 
layers underneath the finish coats. The 
function of the undercoats is to serve as 
a base, and they bond the finish coats to 
the metal. 


Primers 


Perhaps the most important of the un- 


hiding pigments, (2) colored pigments, 
and (3) extender or inert pigments. It 
will not be possible in the short space of 
this manual to discuss the large number of 
pigments in these three catagories. We 
can only mention a few outstanding things 
about them. Later, when primers are taken 
up, a little more specific information will 
be given about some of them. 

The quantity of white hiding pigments 
used in organic finishes exceeds by far the 
use of all other pigments. The reason for 
this is that they are used not only in white 
paints and enamels, but also in making 
white bases for the tinted and light shades. 
The important characteristic about the white 
hiding pigments, of course, is that they 
furnish opacity to the dried film, and so 
this is an important consideration. It varies 
in different types as well as in the different 
grades of the same type of pigments. Some 
may lean toward blue-white; others may 
tend towards yellow-white. 

The colored pigments furnish the finish 
with both opacity and color. They may be 
used by themselves to form solid colors, or 
in combination with whites to produce 
tints. Many colored pigments, in addition 
to their decorative value, provide rust in- 
hibitive properties. For example, red lead, 
certain lead chromates, zinc chromates, and 
blue lead are used in iron and steel primers 
as rust inhibiters. 

There are two general classes of colored 
pigments. One class is the earth or ground 
colors; they are colored minerals, occurring 
as natural deposits. Earth colors are very 
stable and are not readily affected by acids 
and alkalies, heat, light, and moisture. The 
other class is the chemical colors, which are 
produced under controlled conditions by 
chemical reaction. Under this class the 
metallic pigments can also be included. 
Aluminum powder is perhaps the best 
known. It has the property of leafing in 
certain vehicles; this means that it floats to 
the top of the film and forms a continuous 
metallic film. Gold or bronze powders are 
similar to aluminum powder in this respect. 

The chief functions of extender pigments 
in coatings are to help control the con- 
sistency, gloss, smoothness and filling quali- 
ties, and leveling and check resistance. 
Thus, the properties of particle size and 
shape, oil obsorption and flatting power 
are important selection considerations. Ex- 
tender pigments are for the most part 
chemically inactive. They usually have little 
or no hiding power. 


dercoaters are the metal primers. They are 
the first coatings placed on the metal (ex- 
cept for fillers, in some cases), and so the 
kind of metal being coated largely governs 
the type primer that can be used. In cases 
where chemical pretreatments are used, 
primer coats may often be unnecessary 
Chemical pretreatments usually allow a wider 
selection of primers for a given metal. 
Primers for industrial or production fin 
ishing of metals are of two distinct types: 
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air-dry types and baking types. The air- 
dry types have drying oil vehicle bases and 
are usually referred to as paints. They may 
or may not be modified with resins. They 
are usually sprayed and dry enough to allow 
recoating from 1 up to 24 hr. Being pri- 
marily oxidizing type paints, they are rela- 
tively slow-drying. They are not used as 
extensively as the baking type primers, 
which have resin or varnish vehicle bases 
and dry chiefly by polymerization. Some 
primers, known as flash primers, are being 
used. They are applied by spraying and 
dry by solvent evaporation within 10 min. 
They are then recoated with finish enamel 
and usually bake dried. 

In practically all primers, whether they 
be air-dry or baking types, the pigments 
used exert a predominating influence on 
the coating. The pigments impart most of 
the anti-corrosion properties to the primer 
and, along with the vehicle, determine its 
compatibility and adherence with the base 
metal. Next we will consider some of the 
common metals and discuss the primer pig- 
ments and, in some cases, the vehicles suit- 
able for them. 

Iron and Steel—The oldest and perhaps 
still the most widely used pigment in struc- 
tural and maintenance work is red lead. 
It also sees use in industrial or production 
metal primers but not as extensively as in 
the structural field. Lead and zinc chro- 
mates are used extensively. Zinc chromate, 
because of its relatively high cost, is usually 
used in combination with other pigments 
such as iron oxide. Efficient combinations 
use up to 50% zinc chromate. Red and 
black iron oxides also find use in primers 
for iron and steel. 

Aluminum Alloys—As in finishing other 
metals, aluminum alloy surfaces should be 
thoroughly cleaned. Zinc chromate is a 
suitable primer pigment that is widely se- 
lected. Red lead and lead sulfate pigments 


Finish or top coats are usually the decora- 
tive part of a paint system. However, they 
usually also have a protective function. 
The primer coats may require protection 
against the service conditions, because al- 
though the pigments used in primers are 
satisfactory for corrosion protection of the 
metal, they are frequently not satisfactory 
as top coats. Their color retention towards 
weathering, or their physical durability may 
be poor. In other cases, the primer coats 
may have satisfactory durability, but lack 
decorative appeal. For these reasons, not 
only must the finish coats have a pleasing 
appearance, but should also provide some 
mechanical shielding to the undercoats and 
base metal. There are also one-coat appli- 
cations where the finish coats are applied 
directly to the metal surface and, therefore, 
provide the sole protective medium. 

The principal types of finish or top coat 
materials used in metal finishing are enamels 
and lacquers. Varnishes can also be used 
where a clear finish is desired, but they 
find their widest use in metal finishing as 
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should not be used. Zinc chromate pig- 
ment used with a polyvinyl butyral vehicle 
is highly satisfactory. The commonly used 
primers for aircraft are based on phenolic 
alkyd resin vehicle combinations. 

Magnesium Alloys—They are more difh- 
cult to prime than aluminum due to ad- 
hesion difficulties caused by reactions be- 
tween the metal and primer ingredients. 
The metal should always be given a chemi- 
cal pretreatment, such as a short immersion 
in sodium dichromate and nitric acid. The 
use of zinc chromate in a tung oil-phenolic 
resin varnish has been found satisfactory; 
also, a polyvinyl butyral resin vehicle with 
zinc chromate. 

Zinc Alloys—Zinc alloys also present 
priming difficulties. To improve the ad- 
hesion of organic coatings, phosphate treat- 
ments are usually essential. Zinc chromates, 
zinc dust and zinc oxide pigments have 
been most successful on zinc alloys. Gal- 
vanized surfaces are handled similar to zinc 
alloys; particular care must be taken to 
clean the surface thoroughly to get good 
adhesion. 

Copper Alloys —Copper, brass, bronze 
and other copper alloys are usually difficult 
to prime satisfactorily. Here again zinc 
chromates in a polyvinyl butyral vehicle 
have been used quite successfully. 

Cadmium and Others—Cadmium is 
probably the most difficult metal to coat. 
Zinc chromate in polyvinyl butyral vehicle 
is one of the few primers found to be 
successful. Metals plated with nickel, nickel 
alloys, and chromium seldom are coated 
with organic finishes, but when it is done 
specialty types are required. Often clear, 
unpigmented coatings are used to retain 
the original plated color. 


Intermediate Coats 


Besides primers there are three other 


Finish Coats 


a vehicle for enamels. Paints find only 
limited use in production metal finishing. 
Besides these, there are a variety of spe- 
cialty coatings. 


Enamels 


Enamels as a group are difficult to pin 
down. The term enamel is used to mean 
a lot of different things in the organic 
finishing field and often is used as an in- 
definite catch-all. For our purposes we will 
limit the term to finishes which are an 
intimate dispersion of pigments in a var- 
nish or a resin vehicle, or in a combination 
of both. 

Enamels may dry by oxidation at room 
temperatures or by polymerization at room 
or elevated temperatures. They often dry 
by both oxidation and _ polymerization. 
Thus, enamels can be formulated as either 
air drying or baking type finishes, depend- 
ing upon the vehicle used. It is in the 
baking type enamels that significant ad- 
vance has been made in recent years. 





kinds of undercoaters that may or may not 
be used, depending on the application 
These are sometimes called intermediate 
coats; they are fillers, surfacers, and sealers 

Fillers can be applied either before o; 
after the primer, but more often after the 
primer and sometimes after the surfacer 
coat. Their function is to fill in large jr. 
regularities in the surface or local imper. 
fections such as dents, mars and deep 
scratches. They are usually putty-like sub. 
stances, and a variety of materials is used. 
Their chief characteristics are: (1) Must 
harden with a minimum of shrinkage. 
(2) must have good adhesion; (3) must 
have good sanding properties; and (4) 
must work smoothly and easily under g 
knife or leather pad. 

Surfacers are often similar to primers; 
they usually have the same composition as 
the priming coat, except that more pigment 
is present. Surfacers are applied over the 
priming coat to cover all minor irregulari- 
ties in the surface and so provide for a 
smooth appearing finish coat. They must 
have good adhesion to the primer and have 
good sanding properties. Often low priced 
extender pigments, like talcs and soapstones, 
are used merely to extend the hiding pig- 
ments and to give filling and sanding prop- 
erties. They are usually neutral in color 
and are quite porous. 

Sealers as a rule are used either over the 
fillers or surfacers. The chief function of 
sealers is to fill up the pores of the under- 
coat to avoid “striking in” of the finish 
coats. Therefore, they must have good seal- 
ing action. This filling-in of the porous 
surfacer or sealer also tends to strengthen 
the entire coating system. The sealers when 
used over surfacers are usually formulated 
with the same type pigment and vehicle as 
used in the final coat. Thus, the selection 
depends largely upon the properties desired 
in the finish coat. 


Modern baking enamels are baked in the 
range of from 200 to 350 F; at these tem- 
peratures the drying time may go as low 
as 10 min., and enamels are reported that 
can be dried by infra-red at 300 F in 2 to 
10 min. 

It is difficult to get specific about enamels, 
because they vary so widely in composi- 
tion, in color and appearance, and in prop- 
erties. Many of their characteristics have 
already been indicated under discussions 
of the various synthetic resins that are used 
so extensively in enamels. So here we wil! 
talk about the main characteristics anc 
uses they have as a class. . 

Enamels are available in all colors and 
shades. Although they generally give 4 
high-gloss finish, there are some that give 
a semi-gloss or eggshell finish and _ still 
others that give a flat finish. But, never- 
theless, their outstanding characteristic o! 
fine pigment dispersion remains. 

Enamels as a class are hard and tough 
and offer good mar and abrasion resistance. 
They can be formulated to resist the attack 
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’ not : 
tion of the most commonly encountered chemi- 
diate cal agents and corrosive atmospheres. Since 
alers. they have good adhesion characteristics by 
€ or proper formulation, they can be used in 
the applications where only one or two coats 
facer are desired without the use of a primer 
e ir- coat. B 
per. Because of their wide range of useful 
deep properties, enamels are probably the most 
sub. widely used organic coating in the metal- 
ised. working industry. One of their largest 
Must fields of use is for coating household ap- 
cage: liances—washing machines, stoves, kitchen 
must cabinets and the like. A large portion of 
(4) refrigerators, for example, are now finished 
er a with synthetic baking enamels in the place 
of porcelain enamels. These appliance 
ers; enamels are usually white, and therefore 
n as must have a high degree of color and gloss 
nent retention when subjected to light and heat. 
the The enamel vehicles are usually a medium 
lari- to short oil glyceryl phthalate varnish in 
ra combination with urea, melamine or urea- 
nust melamine resins. 
Another large use of enamels is in the 


lave : - 
iced automotive field, and it is here where the 
liveliest competition exists between enamel 


nes, 0 
and lacquer type finishes. Perhaps the big- 


4 gest advantage of enamels is their ability 
ri to build up a full finish with less coats 

than required with lacquers. Although 
ste enamels in the past have generally proved 


al less durable under long exposure to weather, 
1 recent developments in synthetics have put 
them on an equal or superior basis with 
eal. lacquers in this respect. So it is very likely 
that synthetic enamels and lacquers will 


ous . . 

hen continue to share the automotive field. 
hen Other products finished with enamels in- 
ted clude railway equipment, office equipment, 


a toys and sport supplies, industrial equip- 
ment, and novelties. 


Lacquers 


The word “lacquer” comes from the name 

the “lac” resin, which is the base of 

mmon shellac. Lac resin dissolved in 

lcohol was one of the first lacquers and 

has been in use for many centuries. Nowa- 

lays, shellac is called spirit lacquer. It is 

nly one of several different kinds of 

acquers; these, except for spirit lacquer, 

ire named after the chief film forming in- 

he gredient. The most common ones are cel- 
m- lulose acetate, cellulose acetate butyrate, 
ow ethyl cellulose, vinyl, and nitrocellulose. 
rat Che last mentioned is the most widely used 
t¢ nd, in general, the single word “lacquer”’ 
is come to refer to this finish, in which 


Is, trocellulose is the essential ingredient. 
Si- But you never can be quite sure. The 
IP” etal closure people, for example, call 


ictically all their clear finishes lacquer, 
en though a large percentage of them 
varnishes that are high temperature 
i iked, 
1d A distinguishing characteristic of lac- 
ers is that they dry by evaporation of the 
vents or thinners in which the vehicle 
dissolved. This is in contrast to oils, 
rnishes, or resin base finishes, which are 
nverted to a hard film chiefly through 
idation and/or polymerization. 
Early lacquers were quite low in solid 
body (film-forming) content, which 
cant that the applied films were very 
nin. The films were also brittle and lacked 
ihesion properties. Modern lacquers have 
irgely eliminated these shortcomings, and 
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greatly improved gloss, body and durability 
have been attained by the introduction of 
synthetic resins and plasticizers. 

Plasticizers are added to give the applied 
coating elasticity, flexibility and adhesion. 
They are usually either extremely high 
boiling solvents or special oils which lubri- 
cate and soften the film. Synthetic resins 
are added to give the lacquer more body, 
improve gloss and adhesion, and impart 
rubbing and polishing properties; they 
also sometimes act as plasticizers. A rela- 
tively recent development is lacquers which 
have exceptionally high solid content and 
which are fed to the spray gun at about 
150 F. 

The trend in lacquers seems to be towards 
high resin content. And as more and more 
resins are added, the gap between lacquer 
and synthetic type varnishes diminishes 
until finally you have what might be called 
modified synthetic air drying varnishes. 
They may dry chiefly by oxidation and/or 
polymerization. The ultimate in industrial 
organic finishes has been predicted as lac- 
quer-enamel type finishes in which the 
ingredients will be carried in a volatile 
solvent and which will dry instantly by 


The choice of organic finish for magnesium depends, among other things, on whether 
service is to be indoors, outdoors or in marine atmospheres. (Photo: Courtesy Dow 


burning off the solvent. 

Lacquers normally dry hard and dust- 
free in a very few minutes at room tem- 
perature. In production line work, forced 
drying is often used. It is possible, there- 
fore, to do a multi-coat job without having 
to lose time between coats. Where opti- 
mum hardness is desired, it is usually neces- 
sary to allow for overnight air drying. 
Because of the speed of drying and the 
fact that they are permanently soluble in 
the solvents used for application, lacquers 
usually are not applied by brush. Spray 
application or dipping are the usual pro- 
cedures. However, there are some lacquers 
made suitable for brushing; they use a 
maximum amount of dilutents. 

Lacquers on the whole are quite versa- 
tile in their properties and appearance. 
They can be either clear and transparent 
or pigmented, and their color range is 
practically unlimited. Lacquers in them- 
selves have good color retention, but some- 
times the added pigments, modifying resins 
and plasticizers may adversely affect this 
property. 

Lacquer 
resistant. 
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opinion about their adhesion to metals. 
Inherently, they lack good adhesion to 
metal, but recent developments in lacquer 
formulation have greatly improved their 
adhesion properties. By proper formula- 
tion, lacquers can be made to be resistant 
to a large variety of chemicals, including 
water and moisture, alcohol, gasoline, vege- 
table, animal and mineral oils, mild acids 
and alkalies. 

Because of the volatile solvents, lacquers 
are inflammable in storage and during ap- 
plication, and this sometimes limits their 
application. However, the fire hazard of 
lacquers is often over-stressed. Practically 
all organic finishes also contain volatile 
solvents in various degrees which make 
them inflammable, although it is true that 
once ignited, lacquers burn more vigorously 
and the fumes are toxic when inhaled. 

Because of their fast drying speeds, lac- 
quers find wide application in the protec- 
tion and decoration of products which can 
be dipped, sprayed, roller coated, or flow 
coated. They are especially advantageous 
for coating radios, metal hardware and 
fixtures, toys and other articles which, be- 
cause of volume production, must dry hard 
enough to handle and pack in a short 
period of time. Lacquers are still widely 
used in automobile finishing and especially 
for refinishing autos and commercial ve- 
hicles where fast drying without baking 
equipment is a requirement. Lacquers also 
compete with enamels for coating metal 
stampings and castings, including die cast- 
ings. 

Unpigmented lacquers do not find much 
use for metal protection, although they are 
sometimes applied to polished metal sur- 
faces to prevent tarnish, to heighten their 
luster, and to provide moderate protection 
on indoor exposure. 

Besides the modern nitrocellulose lac- 
quers to which most of the above discussion 
refers, several other types of lacquers are 
used to meet special requirements. Cellu- 
lose acetate lacquer is less flammable than 
nitrocellulose and is used where this is a 
critical factor. However, it has poorer mois- 
ture resistance than nitrocellulose and there 
are only a few resins and plasticizers with 
which it is compatible. 

Cellulose acetate butyrate lacquer is 
similar to cellulose acetate, but has some- 
what better moisture resistance. Ethyl cel- 
lulose lacquer has high dielectric strength, 
good heat stability, and remains flexible 
at low temperatures. It is used extensively 
as a wire coating. 

There are several polymers of vinyl 
compounds which can be dissolved in cer- 
tain solvents to give lacquers. They have 
essentially the characteristics and properties 
listed elsewhere under a discussion of the 
vinyl resins. 


Varnishes 


Varnishes consist of resins and either 
drying or non-drying oils. They are clear 
and unpigmented and can be used alone as 
a coating. However, their major use in 
metal finishing is as a vehicle to which 
pigments are added, thus forming other 
types of organic coatings. 

The most important varnishes used in 
metal finishing are: (1) those composed 
of natural or synthetic resins dispersed in 
an oil; and (2) those composed of oil- 
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modified alkyds. The oil-modified alkyd 
varnishes differ from the other varnishes in 
that the alkyd resin combines chemically 
with the oil. 

The drying mechanism of varnishes all 
follow the same general pattern. First, any 
volatile solvents that are present evaporate; 
then, drying by oxidation and/or polymeri- 
zation takes place, depending on the nature 
of the resin and oil. At high temperatures, 
of course, there is more tendency to poly- 
merize. So varnishes can be formulated for 
either air or bake drying. Varnishes may 
be applied by brushing or by any of the 
production methods. 

It is evident that with the large variety 
of raw materials to choose from and the 
unlimited number of combinations possible 
that varnishes have an extensive range of 
properties and characteristics. As pointed 
out before, they are unpigmented and clear. 
They range from almost clear white to a 
deep gold; they are transparent, lacking 
any appreciable amount of opacity. Japan, 
a hard baked black-looking varnish, is an 
exception. It is opaque, due to carbon and 
carbonaceous material being present. 

There are some distinctions in properties 
between oil-modified alkyd varnishes and 
the other types. In general, oil-modified 
alkyds have better gloss and color retention 
and better resistance to weathering. They 
form a harder, tougher, more durable film 
and dry faster. On the other hand, they 
have less alkali resistance than the other 
varnishes. In such things as adhesion and 
rust inhibitiveness there is no distinctive 
difference. 

The major use of varnishes, as coatings 
in their own right, is for food containers, 
closures such as bottle caps, and bandings 
of various kinds. Another large application 
is as a clear finish coat over lithographic 
coatings. 

There is one other group of varnishes 
often termed spirit varnishes that are per- 
haps more accurately classed as lacquers for 
two reasons. First, they dry solely by evapo- 
ration, and second, they may be pigmented 
as well as clear. These spirit varnishes or 
lacquers have already been discussed under 
the section on lacquers. 


Paints 


Paints are a dispersion of a pigment or 
pigments in a drying oil vehicle. They have 
only limited use as finish coats for metals. 
Their principal use in metal finishing is 
for undercoats, and specifically for metal 
primers; these have been previously dis- 
cussed. Paints dry by oxidation at room 
temperatures. Their rate of drying is slow 
as compared to enamels and lacquers; this 
is one of the reasons for their limited use 
in production finishing work. Another rea- 
son is that they are relatively soft and 
with age they tend to chalk and weather 
away due to this chalking. 


Specialty Finishes 


Almost an infinite number of specialty or 
novelty finishes are available to the metal 
products producer. Most of them are really 
lacquers or enamels to which special in- 
gredients have been added or which are 
processed in some unique way to give the 
effects desired. 

One of the most common groups of spe- 





cial finishes today are those giving a rough. 
ened or wrinkle appearance. These finishe; 
are highly popular because they effectively 
cover up slight defects in the metal 
and are highly durable. Wrinkle finishe; 
are obtained by use of high percentages oj 
driers which cause the wrinkling when the 
finish is baked. There is another group of 
specialty finishes which give a crystalline 
effect. They are enamels in which impuri.- 
ties are purposely introduced during the 
baking process by retaining the products of 
combustion in the oven while the coating 
dries. The wrinkle and crystalline finishes 
are widely used on instrument panels. 
office equipment and a variety of other in- 
dustrial and consumer products. 

Another widely used specialty for in- 
dustrial and consumer items is a finish that 
gives the effect of hammered metal. This 
effect is achieved through special formula- 
tions or by causing the coating to spatter 
by a second spray coat. Other unusual 
finishes are now being obtained by adding 
special ingredients to lacquers to give them 
a stringy or “veiled” appearance when ap- 
plied by spraying. The application of the 
silk-screen process to organic finishing of 
metals has also resulted in unique finishes 
with multi-colored effects. 

Lithographic coatings are still another 
large group of specialty finishes. They are 
essentially enamels and vary widely in 
composition; they are applied to metals by 
printing processes and then baked. They 
are used extensively on sheet metal con- 
tainers and other small objects, such as toys 
and novelties. The background coating is 
applied on the flat stock by roller coating 
before it is formed into its final shape. 
Since these coatings must undergo forming 
operations, they must be fairly flexible or 
elastic. The latest lithographic coating ma- 
terials contain wax which comes to the 
surface when the finish is baked. Then, 
during the forming operation, the wax 
serves as a lubricant under the dies. 

The war stimulated the development and 
use of luminescent and phosphorescent coat- 
ings which are visible in the dark. The 
introduction of new special pigments for 
these coatings has increased their use. These 
pigments have added suspension properties 
so that grinding is not necessary. Also 
during the war, a number of special cable 
and wire coatings were developed for re- 
sisting high temperatures as well as sub- 
zero conditions. 
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Egyptian bronze relics date 
back to about 1500 B. C. 





Ancient French bronze vase, 


probably over 2000 years old. 
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A n Cc i e n t civilization’s artisans 


planned better than they knew... 
when they used BRONZE to fashion 
implements of war and living. Today 
you can see numerous examples of 
their art . . . untouched by the ravages 
of time and the elements after 3000 
years. This . . . because bronze has 
such excellent corrosion resistant 
properties. 

Today, more and more manufac- 
turers are turning to bronze for their 
bearings. They find that, when the 
proper alloy is selected, they do not 
have to worry about the effects of in- 


Johnson Bronze Sleeve Bearings 
as used in outboard motors 
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Old 
: Bronze Anchor 


recently dredged up from 
Monterey Bay, California, 
where it had lain in salt 
water for over 300 years. 
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dustrial atmospheric conditions... 
water, salt or fresh . . . or other corro- 
sive factors. They gain other im- 
portant qualities, too, such as low 


cost . . . quiet operation . . . long 

bearing life .. resistance to shock and 

impact . . . low coefficient of friction 
. etc. 


The easiest way to determine which 
bearing will best suit each applica- 
tion is to ask Johnson Bronze. For 
more than forty years we have been 
helping manufacturers get more bear- 
ing service for less money. We are 


ready to help you NOW. 


JOHNSON BRONZE COMPANY 
769 S$. MILL ST. « 


NEW CASTLE, PA. 


Johnson Bronze Sleeve Bearings Give You Every Worthwhile Advantage 
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Engineering Shop Notes 


Aluminum Welding Without 
Deoxidizing 


The question is often asked: Can alu- 
minum parts be spot welded without first 
removing the oxide coating on the alumi- 
num? The answer is that aluminum is 
being spot welded satisfactorily without 
prior removal of the oxide film. However, 
whether or not you can do so without 
trouble depends entirely upon your weld- 
ing equipment, its adjustment and the 
strength and consistency that you require 
in your welds. 

Welding equipment manufacturers in 
general do not recommend attempting this 
if your work requires uniform welds of 
maximum strength. However, you may 
be able to use additional welds. Or per- 
haps the strength obtained is sufficient for 
your job. If so, you can certainly make an 
appreciable saving by elimination of the 
work involved in deoxidizing or preclean- 
ing. 

Equipment manufacturers report that 
use of a preheat current immediately pre- 
ceding the welding cycle appears useful. 
Additional electrode pressure is also help- 
ful. Electrode life may be low. It should 
be pointed out, however, that it will not 
be possible to obtain consistent, high 
quality welds without deoxidizing. 

—From Technical Advisor, 
Reynolds Metals Co. 


Why Dies Break 


by David R. Edgerton, 
Lindberg Engineering Co. 


To our way of thinking, two of the most 
important ingredients that go into the 
successful and satisfactory tool or die are 
common sense and experience. All too 
often most of us have occasion to call on 
these two stellar old-time virtues when 
“impossible” jobs are turned over to the 
heat treat department. These virtues 
should also be used in selecting the right 
steel for the job. 
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So how do we go about choosing the 
right steel? Let's take advantage of all 
the valuable experience and common sense 
in our respective organizations. We believe 
that only by close cooperation between 
the tool designer, the tool maker, the steel 
supplier, and the heat treater can errors in 
the specification of tool steels be mini- 
mized. Add to the experience of your own 
personnel, that of the steel supplier. 

Every first-class reputable purveyor of 
tool steel maintains a service organization. 
Use their service and advice in the pur- 
chase of steel; and also use the experience 
and advice of your steel treater, whether 
he is in your own plant or is a commercial 
treater. 

After cooperation, we feel that simplifi- 
cation is the most important item in 
choosing the right steel. Stick to a few 
standard types of tool steel and be very 
sure that every man in your organization is 
thoroughly acquainted with the uses, 
characteristics and limitations on those 
few grades. Except in a few very highly 
specialized shops, four types of tool steel: 
water hardening, oil hardening, high car- 
bon-high chrome, and high speed will 
cover 95% of all requirements. 

Beware of ‘Prima Donnas”! The term 
has been applied to “one purpose” steels. 
Don't misunderstand us. The prima donna 
does have its place and is fitted for jobs 
that no standard steel will handle, but we 
should use it as intended and not “louse 
up” production by trying to make the 
“Diva” sing bass, lead the orchestra, and 
take in the tickets, jobs for which she was 
never created! 

Again, it is a sad frailty of human 
nature to follow the lines of least resistance 
in choosing a piece of steel for the job. 
How often have you heard: “We don’t 
have that oil hardening tool steel that the 
designer specified on the print, so let's 
substitute water hardening, medium carbon 
alloy, or even cold rolled, and to heck 
with the poor heat treater who has to 
harden it and the tool maker who has to 
try and fit it and set it up.” 

And so, we add to our pleas for coopera- 
tion and simplification, one for patience. 
Don’t use the wrong steel just because it 
is handy or cheap or easy to machine. It 
usually takes a lot longer to make up a 
replacement than to wait a few days for a 
forging or a mill shipment of the right 
steel from the right source. 


Carbide Swaging Blocks Increase 
Die Life 
In presses for swaging small parts, the 
swaging blocks should have high resistance 
to wear. The Underwood Corp., Bridge. 
port, Conn., in order to increase the wear 
life of their equipment for swaging or 
flattening small fulcrum posts used ip 


The white arrows point to the cementes 
carbide swaging blocks installed to in 
crease wear life. 


business machines, adopted cemented cat- 
bide swaging blocks. 

Originally these swaging blocks were 
made of hardened steel. About 10,00! 
cold rolled steel fulcrum posts could be 
swaged in a block before die recondition: 
ing became necessary. Total die life rao 
between 25,000 and 30,000 operations 

Installing small cemented carbide swag 
ing blocks, supplied by Carboloy Co., has 
eliminated all die maintenance. The blocks 
were still in use after 200,000 operations 


High-speed photographic studies 0! 
cutting tools reveal that a rake angle 0! 
approximately 24 deg. is more efficient 
than a more acute one when machining 
steel, according to L. T. Weller of General 
Electric Co. At the 24-deg. angle, the chip 
is rolled up with less crushing action an¢ 
the chip flow is much smoother. 
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NUMBER 153 MATERIALS: Molded Plastics, Thermosetting 
December, 1947 


Molded Thermosetting Plastics Materials 


General Properties and Uses 





Dielectric | 

Mil’ Step’ by | 
tep by Spec. | Shrink- 
Filler Applications P ol Kein. _— ‘per ~ 
| Spec. ’ 


25 | 100€ | 








Phenolic Milking machine parts 
green,ruby,| and ssterilizable equip- 
turquoise, | ment also used for hard 

tortoise synthetic jewels 10,000- | 7,000- 
shell 14,000 | 8,000 | 


Phenolic | Wood- | All colors | General purpose mold- 


flour except ing applications 
| pastels 
































Phenolic | Wood- Natural | General purpose _high- 
flour | and black | dielectric applications 



































Phenolic | Wood- Natural Parts requiring good | 
flour and black | water resistance, mini- | 0.3 9,000- 5 ,000- 
mum odor 35 11,000 7.000 





Phenolic | Wood- Gun | Bearings, cams, caster 


flour, | metal | wheels, etc. requiring re- 8,000- 
| graphite | | duced friction | 9,000 











6,000 














Phenolic Asbestos, Most Heater plugs and in- 
wood- colors sulating pieces requiring | 
flour | except good heat resistance 9,500- 
pastels | 11,000 


| 
| 
} 
| 


6,000 

















Phenolic | Short fibre | Black and | Parts requiring better | 
asbestos brown heat resistance and for 9,000- 
low power arc resistance 3 10,000 6,000 





Phenolic | Long fibre | Black ard | Best phenolic for heat 

asbestos brown resistance, low moisture 
absorption, low  coeffi- 
ient of expansion, max- 
imum dimensional! sta- 26 9.000- 5.000- ? 0.003- 
bility 9,500 6.000 








Phenolic Asbestos, ur Bearings, slides, valves, 
graphite cams, etc, requiring 
maximum |} 


heat-resis- 

tance, dimensional-sta- 

bility, good wear resis- - 

tance ,, 6,000 





Phenolic | Asbestos Natural High-heat and high im- 
and pact applications : wal 
brown 0.50 10,000 6,500 








Phenolic | Asbestos Natural High heat-low flame, 
and dark high impact applications 





Phenolic 


3.40 10,000 





Electrical applications 

and black | requiring improved heat 
and low-moisture ab- 1 3 150- 
sorption 3( 8 000 6,000 0.05 " can 300 


Phenolic | Cotton ost dari General purpose molding ; ae ‘ 
flock colors material with improved 9,500- .000- 0.8- 5 60- 


impact resistance 12.000 § 500 3 g0 : | 0.006 





Phenolic | Cotton Combines good water 
flock resistance minimum | 

dor and improved-im- 0.8- 40. 0.004- 

pact resistance , 10,000 6,500 : ‘ 50 1.42 0.005 


Phenolic Natural, Medium-high impact 
1 | material with good flow 

mplex sections 10,000 6,000- 

12.000 500 


Phenolic * abric- Black, High-impact material 
brown, used for bulky sections | 3 6,000- - 50 | .38- 0.003- 

red ; 10,000 6,500 248 1.42 0.004 

Phenolic i Black Highest-impact phenolic 
material, Cannot be used 

for some complex sec- 


tions oa 11,000 | 6,200 











(Continued on page 113) 





"This advertising message, appearing in 4-color cover position in NEWSWEEK, BUSINESS WEEK 
and U. S. NEWS, is developing business for Monsanto Lustron molders and fabricators." 


Boring Bar Box—Molded by 
South Gate Tool Engineering 
Co., South Gate, California. 


You can use Lustron to make products 


... or to make them sell, too! 


Today, many alert merchandising 
manufacturers put Lustron to selling via 
beautiful, appealing packages for their 
products ... for premiums, for displays, 
for package components, and accessory 


or optional attachment kits. 


You see here, three typical outstand- 
ing selling jobs by Lustron in the indus- 
trial field. Instead of tying a muslin 
bag full of accessories on to the order 
. . +. OF putting tools into a dull looking 


box .. . these smart manufacturers pre- 
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Hole Cutter Box— 
Molded by The 
Houston Corpora- 
tion, West Los An- 
geles, California. 


sent them in cleverly designed, fitted 


boxes molded of Lustron. 


The small extra costs of these attrac- 
tive kits are more than paid for by the 
lasting satisfaction and impression of 


good value the buyer receives. 


MONSANTO 


CHEMICALS ~ PLASTICS 


SERVING INDUSTRY ... WHICH SERVES MANKIND 


Auger Bit Box—Mold 
by aaRBee Pla 

Company, Los Angel 
California. Se 


ss story 





Rainbow choice of colors . . . clear 
to opaque 





2 Lustrous finishes 





3 Light weight 





4 Low cost 





5 High dimensional stability 





6 Resistance to acids, alkalies, water 





7 Freedom from taste or odor 





Adaptability to fastest mass pro- 
duction 





If you would like to know more about how 
Lustron can serve you as a star salesman, 
address: MONSANTO CHEMICAL COMPANY, 
Plastics Division, Springfield 2, Massachusetts. 
In Canada, Monsanto (Canada) Limited, 


Montreal. Lustron: Reg. U.S. Pat. Off. 


MATERIALS & METHODS 
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NUMBER 153 (Continued) Molded Thermosetting Plastics Materials 
Dielectric 
Heat Str., V. per 
Ft. Lb. 3 Water Resis- Mil Step by Spec. Shrink- euxrea 
T Fill Col _— perin. | Flexural | Tensile | Abso tance Test in | Gray- | age In. | Bulk 
yee vd re Applications Notch | Psi. Psi. | tion % Con- Oil Y-In. ity. | per In, | Factor 
Im- 48 Hr. tinu- Spec. 
pact ous F 
25C 100 C 
Phenolic | Fabric, Gun Cams, bearings, slides, 
graphite metal etc. requiring high im- | 0.70- 8,000- 0.8- 0.003- 
pact, reduc friction 0.80 9,000 6,000 1.0 248 —- ad 1.45 0.004 4 
Phenolic | Cotton Gun | Cams, bearings, slides, ~ nh ne 
UU flock and metal | etc, requiring medium- 
graphite | impact resistance, re- } 0.8- 0.003. 
| duced friction 0.40 | 9,500 6,500 1.0 248 — | - 1.40 0.004 4 
I Phenolic _ — Used for the shielding 0.005- 
ia f X-rays 0.30 9,500 6,000 0.5 248 — — -- 0.006 3 
T Phenolic- | Wood- | Natural Highest electrical prop- | , 
Aniline flour | erties with good arc : 0.006- 
b | resistance 0.30 10,000 | 6,000 1.25 | 248 300 300 1.34 0.008 3 
Phenolic- | Mineral | Natural Radio or similar parts | 
Aniline | requiring low dielectric | 2 : 4 
- losses. P.F. @ 1000 F Sa 7 300- 300- | J 
K.C, — 0.009 0.38 9,500 6,500 0.02 257 500 400 1.94 0.004 2.5 ed 
Phenolic- Cotton Natural ‘Highest electrical prop- at eT 
1 Aniline | flock erties with improved- F 200- : 0.006- _— 
| impact resistance 0.46 10,000 | 6,500 1.20 248 | 300 300 1.34 0.008 4 t- 
Li Urea | Cellulose All colors | General purpose color | r 
t including | work. Good arc resis- 
translu- | tance. Used for lamp | 
cent - shades, packages, radio | | | 
TI | paste cabi - @e. | | 
4 thedes ‘ veenAiae 0.30 | 11,000 | 8,000 | 2.00 170 | 300 so | 1.49 | 0.008 | 3 
a Melamine | Cellulose | All colors | General purpose color 
1 including | work with improved- 
H translu- temperature resistance 
cent , | Good for dishes and 
1d pastel | buttons , i 
aaa tre 0.28 | 12,000 | 6,000 | 1.7 210 | 230 | 250 | 1.50 | 0,008 3 a 
Melamine | Mineral, Gray Electrical applications 
J cotton requiring improved arc | | | 
Nock esistance, Excellent for P ac 
lealtion parts 0.44 8,000 | 5,000 0.25 284 | 300 | 200 1.80 0.006 2.5 r + 
r a > —_—_— see | ro ’ , 8 =" = | —- : i a = 2 oe oe 
ry] Melamine | Fabric Gray and | Combines good impact { 
— black resistance with im- . | | 0,003- i ae 
— proved-are resistance 0.990 | 10,000 7,000 1.0 | 248 230 80 1.49 | 0.004 | 12 4 
eee ea — - ———— | | _ | | 
+4 Cold = Slack and | Wiring device parts, | | 
4 Mold- | brown | cook-ware handles to | | 
Non-Re- | | withstand oven weno. | 
fractory | atures. Best cold mold | a | : : 
+ for appearance 04 | 4500) — 2.0 482 60 — | 200 | 001s | 2.5 
Cold 2 Gray Arc deflectors, rheostat | | | 
Mold- bases and other parts . | 
i Refrac- requiring maximum heat 0.05- | | | " 
a tory and arc resistance | 0.6 5,000 | im I3 1,292 60 — | 2.20 | Ni | 2.5 =ase 
5 ————__—_—_—— mom I— a ————— | — LT +— + 
1 Synthetic Minera Red | Electrical and ignition | 
T Hard parts requiring good arc 
r Rubber resistance and good di- | | J 
electric at elevated tem- ; 0.0195- | 
sereteres 0.32 7,000 4.000 0.08 | 175 | 370 | 370 1.77 0.0225 | 2 nw 
"<r —~; aia - ns ————— -| oe 
1 Mycalex Mineral Gray Radio and other high | 
frequency electrical ap- | T 
cs | plications requiring max- | | +--+ 
r imum heat and arc re- 
sistance. P.F. @ 1000 
+ K.C. — 0.0023 — 10,000 — 0.0023 | 662 | — 560) 13.08 Fo Na _— Bae I 
T Mycalex | Mineral Gray General purpose electri- | o 
cal applications requir- | we ee | 
ing low moisture ab- | omaenel 
sorption, high tempera- | — | + } 
1 ture and arc resistance. eee 
| PF. @ 1000 K.C. | | | | | wee 
- 0.0018 — 12,000 — 0.001 482 | — $25 |3.70 | Ni | — : 
+ | 
* Shrinkage. Molding materials shrink after they are molded. The values listed in the table give the amount of this shrinkage in in. per in. under average Te a 
Ly conditions. Allowance must be made in the mold design to compensate for this shrinkage. } ++ — 
ai t Bulk Factor. Mold designs must allow sufficient space for loading the molding compound. The ratio of the volume of compound before molding to the vol- 
ume of the molded piece is called the bulk factor. 
Prepared from data submitted by the Shaw Insulator Co., Irvington, N. J. 
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Progress in Metals Development Work 


Condensed from Papers of the 
American Society for Metals 


An important group of technical papers 
were presented at the annual meeting of the 
American Society for Metals in Chicago, 
October 20 to 24. There were 30 papers 
covering a variety of subjects, and as a 
whole they pretty well reviewed current 
progress in metallurgical development work. 
We have taken a number of these papers 
and digested them here. In later issues im- 
portant papers presented before the other 
technical society meetings will also be di- 
gested. 


High Temperature Alloys 

Alloys for high temperature service are 
still the most sought-after engineering ma- 
terials today. Two important papers were 
presented on this subject: one reported a 
new alloy, and the other supplied hitherto 
generally unavailable information about a 
standard alloy. A new cast alloy, designated 
as the “J” alloy, has been developed and 
was reported by Nicholas J. Grant of the 
Massachusetts Institute of Technology (“The 
Cobalt-Chromium J Alloy at 1350 to 1800 
F,” Paper No. 17). This new alloy uses 
the original cobalt-chromium-molybdenum 
base Vitallium as a starting point, and by 
additions of carbon up to a maximum of 
about 0.76% carbon, a large strength in- 
crease at high temperatures is possible. 

The optimum carbon content was found 
to be 0.76%. At 30,000 psi. and 1500 F, 
this J alloy has a rupture life of about 500 
hr. Thus, it shows better rupture properties 
in the range of 1350 to 1800 F than pre- 
vious cast cobalt-chromium alloys. It is also 
stronger than any of the forged alloys at 
1350 F for rupture times up to 1000 hr. 
and very much stronger at the higher tem- 
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peratures for all test times. 

In creep, the J alloy is about equal in 
performance to the other better known cast 
cobalt-chromium base alloys at 1500 F, but 
is poorer than nickel-chromium-cobalt-iron 
base alloys, such as N-155. At room tem- 
perature the lower carbon J alloys (0.40% ) 
have a tensile strength of about 120,000 
psi. and 10% elongation (in 1% in.) in 
the as-cast condition. 

For those who must :select, specify and 
use heat resistant materials, the paper by 
H. S. Avery and C. R. Wilks of the Ameri- 
can Brake Shoe Co. (“Cast Heat Resistant 
Alloys of the 26% Chromium-20% Nickel 
Type,” Paper No. 16) should be of invalu- 
able assistance. This paper attempts to 
indicate the range of usefulness of HK cast 
heat resistant alloy (26% chromium-20% 
nickel). 

The HK alloy probably has the best com- 
bination of properties for all-around high 
temperature service above 1600 F. It has 
better strength than the partially ferritic 
26% chromium-12% nickel alloys of com- 
parable oxidation resistance, and better 
scaling resistance than the balanced aus- 
tenitic 24% chromium-12% nickel alloys 
of comparable strength. It has adequate 
carburizing resistance and better hot gas 
corrosion resistance than 16% chromium- 
35% nickel. Its alloy cost is slightly higher 
than 26% chromium-12% nickel and ap- 
preciably below that of 12% chromium- 
60% nickel. 

For carburizing service, HK alloy can 
be fortified with silicon without seriously 
lowering hot strength. It is also suggested 
for service where maximum hot gas cor- 
rosion resistance is required. 


Light Alloys 

In the field of light metals, work cop. 
tinues on improving the ways and means 
of processing them. One of the major im. 
provements in forming aluminum alloy 
parts for aircraft fabrication has been the 
development of the stretch press. A number 
of factors which influence the stretching of 
aluminum alloy sheet in this process were 
investigated by J. M. Taub of the Los 
Alamos Scientific Laboratory (“Stretching 
Characteristics of Aluminum Alloy Sheet,” 
Paper No. 12). 

The work covered primarily the simplest 
type of stretching problem: that of using a 
single contoured punch to form the sheet 
into a segment of a cylinder surface. The 
minimum strain, located in the area in con- 
tact with the punch, and the maximum 
strain, occurring in the unrestricted area be- 
tween punch and gripping radius, were 
affected primarily by (1) the ratio of 
metal thickness to gripping radius, (2) 
frictional conditions as determined by type 
of lubrication, (3) temper of the metal, 
and (4) edge conditions. 

The use of beryllium in magnesium cast- 
ing alloys for reducing the tendency of 
magnesium alloys to burn was suggested 
by Jay R. Burns of the Air Material Com- 
mand (“Beryllium in Magnesium Casting 
Alloys,” Paper No. 10). Although present 
methods, using a salt-flux cover on the 
molten metal, are practical, economy and 
simplification would result from any de- 
crease in the inherent tendency of magne- 
sium alloys to oxidize when in molten con- 
dition. By adding beryllium in quantities 
of 0.001% or greater, it was found that 
there is a marked reduction in the tendency 
of magnesium alloys to burn. Thus, alloys 
containing beryllium may be held molten 
without fluxes and successfully cast in foun- 
dry sand containing no inhibitors. 


Induction Hardening 

In the past, induction hardening methods 
have not been applied very extensively to 
cast irons. This has been partly due to the 
lack of information on this phase of induc- 
tion heating. Two papers were presented 
which should in some measure correct this 
situation. In a paper by J. R. Sloan and 
R. H. Hays (“Some Factors Affecting the 
Induction Hardening of an Alloy Cast 
Iron,’ Paper No. 5) the induction harden- 
ing of the bore surface of gray cast iron 
cylinder liners is discussed. 

Since little information existed on the 
possible factors which might affect the 
cast iron alloy used for this application, 
the investigation was conducted to deter- 
mine how the introduction of additional 
factors such as graphite flakes, pronounced 
segregations, and the presence of relatively 
large quantities of certain elements wou!d 
influence induction hardening, as compared 
to steel. The effects of two frequencies, 
3000 and 9600 cycles per sec., were com- 
pared and it was found that the higher 
frequency concentrates the heat energy input 
closer to the surface and thus increases sur- 
face temperatures and depth of case. In a 
medium carbon steel this overheating causes 
a gfain growth and reduces the physical 
properties. In an overheated cast iron, these 
same effects occur; in addition, there is 


MATERIALS & METHODS 
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Swag hey 


...as fast as 11 seconds 


Baked-in beauty that assures your product not only winning eye-appeal but con- 
tinuing customer satisfaction because of its durability, can now be obtained in a 
matter of seconds with M&W’s newest development — Flashdur. 

This new high heat, flash baking finish may be applied by either the spray or 
dip method . . . baked in Convection or Infra Red Ovens, Strip or Induction 
Heaters. It is also suited for canveyorized automatic application. Available as a 
clear finish and in most colors, Flashdur is the ideal finish for compacts, lipstick 
cases, lighters, instruments and numerous other metal products. 

For complete information on Flashdur, write for Technical Data Bulletin 116 
and the Standard color card. And don’t forget, an M&W technical consultant is 
always available to discuss your requirements with you privately on any finishing 
question you may have. 
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some absorption of segregated alloys and 


resolution of graphite. This results in 
somewhat softer surfaces. 

C. F. Walton, Meehanite Metal Corp., 
and H. B. Osborn, Jr. of the Ohio Crank- 
shaft Co., reported on the induction harden- 
ing of Meehanite cast iron (‘Induction 
Hardening of a Quality Controlled Iron,” 
Paper No. 4). In production induction 
hardening of Meehanite, hardness values of 
55 to 60 Rockwell C can be readily ob- 
tained, and the distortion is much less than 
by furnace heating. It responds to induction 
hardening as readily as any grade of steel, 
and better than many, due to its carbide 
dispersion. 

Cases up to 0.100 in. in a 0.800-in. dia. 
and up to 0.200 in. on a 1.2-in. dia. do not 
weaken the full section strength. However, 
through hardening (maximum hardness 
without drawing) reduces the strength 
about 30%. To have any cast material per- 
fect after induction hardening and finishing, 
it must be flawless because any minute 
defect, such as a microshrink crowfoot, will 
be readily apparent upon magnafluxing 
after hardening. 


Grinding Hardened Steel Parts 

That grinding of hardened steel parts 
induces residual stresses in the part is well 
known, but only in the last few years has 
it been shown that even where there are 
no cracks visible, the part may subsequently 
crack due to these stresses. In a paper by 
Howard E. Boyer of the American Bosch 
Corp. (“Effects of Grinding on Physical 
Properties of Hardened Steel Parts,” Paper 
No. 23) the effects of grinding stresses are 
correlated with structural changes occurring 
in a high carbon, low alloy steel. 

Several important observations were 
made: (1) Even the most careful grinding 
induces tension stresses in the ground sur- 
faces and thus disturbs the stress balance. 
(2) Austenitizing temperature has a marked 
influence on the stress condition induced by 
grinding. (3) The shock resistance is de- 
creased by grinding. (4) The fatigue re- 
sistance is also lowered. 

The author points out that some of these 
effects can be minimized by proper planning 
of grinding operations. For example, often 
the parts can be ground in the soft stage. 
This, of course, requires proper heat treat- 
ment to produce clean and distortion-free 
parts. 


Chromium-Silicon Spring Steel 

For the spring engineer, H. J. Elmendorf 
of American Steel & Wire Co. in his paper 
(“An Investigation of Tempered Chromium- 
Silicon Spring Steel,” Paper No. 1) outlined 
the effects of heat treating practices on the 
mechanical properties of chromium-silicon 
steel under both room and elevated tempera- 
ture conditions. The analysis of this chro- 
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mium-silicon steel is 0.50 to 0.60 carbon, 
0.60 to 0.80 manganese, 1.30 to 1.60 silicon, 
and 0.50 to 0.80% chromium. 

The tension stress-strain curves for stress 
relieved, “blued,” chromium-silicon spring 
wires show marked changes in shape as a 
function of the bluing temperature, and 
these changes are associated with the hard- 
ness of the tempered wire. This change in 
the stress-strain relationship is reflected in 
the mechanical properties of the blued 
spring wires. 

The elastic limits of 48.5 and 50 Rock- 
well C wires blued at 500, 600, and 700 F 
are higher than the values for the similarly 
blued 52.5 Rockwell C. Elevated tempera- 
ture spring tests show that 50 Rockwell C 
wire has optimum properties. It was also 
observed that the chromium-silicon steel is 
superior to SAE 6150 under the conditions 
studied. 


Cast Steel 

Three papers of interest were presented 
on cast steel. The effect of silicon on thermal 
characteristics, microstructures, physical 
properties and weldability of plain carbon 
and carbon-molybdenum cast steels of three 
carbon contents (0.1 max., 0.15 and 0.30% 
carbon) was investigated by N. A. Ziegler, 
W. L. Meinhart and J. R. Goldsmith of 
the Crane Co. (“The Effect of Silicon on 
the Properties of Cast Carbon and Carbon- 
Molybdenum Steels,” Paper No. 29). The 
silicom content was increased from 0.3 to 
2% and the results observed. Additions of 
0.3 to 2% silicon tends to raise transforma- 
tions on cooling to higher temperatures. 
Thus, the general trend is a decrease of 
thermal sluggishness with increasing sili- 
con. 

Effects of increasing silicon from 0.3 to 
2% on the mechanical properties are: (1) 
moderate increase of tensile strength, yield 
point and hardness, (2) very moderate de- 
crease of elongation and reduction of area, 
and (3) considerable reduction of impact 
resistance. Metal arc welding of steels with 
the silicon content as high as 2% did not 
present any particular difficulties. 

The effects of homogenization heat treat- 
ments on hardenability, impact properties 
and time-temperature-transformation curves 
for certain cast steels were reported by R. J. 
Marcotle and C. T. Eddy of Michigan Col- 
lege of Mining & Technology (“The Effect 
of Homogenization on Cast Steels,” Paper 
No. 30). Investigations were made prin- 
cipally on cast steel of low hardenability and 
one of high hardenability. 

The investigation showed that homogeni- 
zation heat treatments using high heat 
treating temperatures or normal heat treat- 
ing temperatures for long heating times, 
are not sufficiently effective in improving 
the mechanical properties of cast steels to 
be employed. 

’ And finally, Edward A. Loria of the Mel- 
lon Institute of Industrial Research, gave 
an account of a method of measuring the 
as-Cast austenite grain size in cast alloy steels 
(“Detection of As-Cast Austenite Grain 
Size in Heat Treated Cast Alloy Steels,” 
Paper No. 28). The effect of grain size is 
of great importance to the foundryman, es- 
pecially just after the steel is cast and again 
after any reheating operation carried out 
above the critical temperature range. 

In this new method the grain size is 








measured by considering the effects of 
solidification pattern and segregation of 
alloying elements on the development of the 
as-cast grain pattern. In rapidly cooled sec. 
tions the marked segregation results in jp. 
creased local hardenability and the develop. 
ment of an outline of the initial austenite 
grain boundaries upon etching with modj. 
fied picral reagent. In the manganese. 
molybdenum cast steels studied, normalizing 
or quenching and tempering followed by 
etching with a modified picral solution gives 
the necessary split transformation in the 
alloy-rich and alloy-poor localities and 4 
microstructural delineation of the intercel] 
network existing in such steels. 


Vacuum and Prepared-Gas 
Atmosphere Heat Treating 


Condensed from a Report of the 
American Gas Association 


An investigation was conducted by the 
American Gas Association to determine 
what, if any effects, either advantageous 
or otherwise, were produced by gas absorr- 
tion during the usual operations to which 
steel is subjected in heat treatment. A serie: 
of heat treating experiments were conducted 
in a controlled vacuum furnace. 

In general it was found that small quan- 
tities of absorbed gases do have deleterious 
effects upon the properties of the metal, 
but such effects are rather small. Compara- 
tively coarse measurements such as hardness 
and tensile strength are for the most part 
unaffected, whereas processes or measure- 
ments such as malleableizing or fatigue life, 
which are affected by small changes, do 
exhibit recognizable differences. For these 
reasons, absorbed gases can probably best 
be thought of as inadvertent minor alloying 
additions. When these additions are. al- 
lowed to become large through pickling or 
faulty melting practice, as examples, pro- 
nounced effects can result. When the gases 
are present in amounts corresponding to 
their solubility values, which are small, 
their effects are correspondingly small. 

It has been found that vacuum malle- 
ableizing is superior in consistency, phy- 
sical properties, and speed to any of the 
common prepared atmospheres. The im- 
provement over low hydrogen atmospheres 
is mot very pronounced, however. These 
tests have definitely shown that hydrogen 
interferes with the malleableizing process, 
making the use of high hydrogen atmos- 
pheres inadvisable for the process. It has 
been found that im one case evacuation 
prior to quenching prevented the samples 
from cracking, whereas the same steel did 
crack when quenched from RX gas. Definite 
improvement in the fatigue life of bery! 
lium-copper valve springs was develope: 
by carrying out the age hardening treat: 
ment in vacuum rather than in air. 

It has been demonstrated that steel 
as easily carburized by a hydrocarbon gas 
in the absence of oxygen compounds as :t 
is when such compounds are present. In 
fact, the carburizing potential was slightly 
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higher than would be expected. It was 
also shown that the carbon diffusion rate 
was identical in vacuum, in nitrogen, and 
in the conventional hydrogen containing 
carburizing atmospheres. In demonstrating 
this fact, a valuable equation was devised 
to predict the carbon gradient after any 
diffusion treatment. 

Spheroidizing tests have shown that the 
spheroidizing rate is mot influenced by 
vacuum. The deep drawing properties of 
rimmed and killed steels were not improved 
by vacuum annealing. Quenching steel 
from vacuum failed to improve either the 
mpact strength developed or the fatigue 
life. (Jack Huebler. Report of Am. Gas 


{ssoc., 19 pp.) 


Progress in Castings 
for Machine Tools 


Condensed from “Machines et Métaux” 


There has been considerable progress in 
quality cast iron in the past few years, 
particularly in machine tool castings subject 

abrasion. Until about ten years ago, these 
were generally made with a charge of about 

5 to 50% steel and contained high carbon 
and low silicon. This material was relatively 
insatisfactory because it was impossible to 

btain a desirable structure in castings hav- 
ing varying sections. The use of nickel made 
it possible to control these variations. In 
this period, however, little attention was 
paid to the carbon content, while the silicon 
was adjusted according to the section. 
[he desire to avoid these frequent changes 
and the demand for more uniform castings 
which would give a better surface finish aad 
a greater wear resistance led to the adoption 
of high strength irons, made with a low 
carbon content, a relatively high silicon con- 
tent, and about 70 to 95% steel in the 
charge. This iron was ideal with one excep- 
tion, the scratching of the wearing or sliding 
surfaces, 

Work by Dost in the U.S.A. has shown 
that microstructure is a more decisive factor 

this connection than hardness or chemical 

1position. The scratching is definitely 
ibutable to the presence of primary 
rite. Flake graphite gives better wear 
stance than modular graphite. Some 
tings with fine nodular graphite have 
atively poor wear resistance even when 
rite is absent. Nickel helps in maintain- 

, a normal hardness in thin sections and 
a dense structure in heavy sections. The 

€ pearlitic structure of the nickel iron 
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NITRIDING STEELS 
BRIGHT ANNEALING 


ATOMIC WELDING AND BRAZING 
CONTROLLED ATMOSPHERES 


POWDER METALLURGY SINTERING ATMOSPHERE 


REDUCTION OF METALLIC OXIDES 


Minimum Purity 99.95% NHs.. . 
Oxygen Free... Very Low Dew Point 


i grees STANDARDS of consistent purity, 
uniform dryness, speedy deliveries and 
dependable service make Barrett Standard 
Anhydrous Ammonia your best source of NH3 
for metallurgical uses. 


Because it is shipped as a concentrated liquid 
and can be dissociated into its component 
gases at points of use, Barrett Standard 
Anhydrous Ammonia is an economical source 
of nitrogen and hydrogen. When dissociated, 
each pound of Barrett Standard Anhydrous 
Ammonia produces approximately 11 cubic feet 
of nitrogen and 34 cubic feet of hydrogen. 


Barrett Standard Anhydrous Ammonia is 
available in 50, 100 and 150-pound cylinders 
from conveniently located warehouses; or, for 
larger users, in 26-ton tank cars. 


Modern metallurgy is finding more and more 
uses for Barrett Standard Anhydrous Ammonia. 
The advice and help of Barrett technical ser- 
vice men are yours for the asking. 


This interesting and helpful booklet is packed 
with useful information on Anhydrous Ammonia. 
You can obtain a copy without charge or obli- 
gation, by requesting it from the address below. 
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ALLIED CHEMICAL & DYE CORPORATION 
40 RECTOR STREET, NEW YORK 6, N. Y. 
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results in good wear resistance and low 
susceptibility to scratching. 

The automobile industry offers sufficient 
proof that moderately hard cast irons have 
the best wear resistance. If higher hard. 
messes are necessary for still better wear 
resistance, the hardness of these medium 
carbon, low silicon irons can be increased 
by additions of nickel suitably balanced 
with chromium or molybdenum. In these 
cases, the graphite flakes may be somewhat 
coarser and the pearlite may be replaced 
by the harder sorbite. Although service 
conditions are quite different in internal 
combustion engines than in machine tools, 
here too the presence of primary ferrite has 
been found undesirable for surfaces exposed 
to wear. 

The final conclusion is that it is dangerous 
to rely solely on hardness to predict the 
wear resistance of cast iron. (G. Martel. 
Machines et Métaux, Vol. 31, Aug. 1947, 
pp. 269-273.) 


Pre-Tinning as a Base for Paint 
Condensed from “Tin and Its Uses” 


Another coat of paint is not a complete 
answer to the rusting of iron base materials. 
If the surface of the steel rusts underneath 
the paint, a scraping and cleaning operation 
is required for proper adhesion of the new 
coat of paint. Even the best paint, if put 
directly on steel, is far from a permanent 
basis for resisting rusting. 

The new process of putting an extremely 
thin coating of tin on steel before painting 
appears to provide the most nearly perfect 
coating so far devised. Tests with various 
steels, paints and pre-treatments have been 
conducted for some four years. In every 
case, those steel specimens which had been 
pre-tinned have retained their paint longest 
and, what is perhaps more important, they 
have retained a repaintable surface. Al- 
though zinc gives protection when left un- 
painted, any zinc coating is unsatisfactory 
under paint because a rather bulky corrosion 
product is formed below the paint, which 
destroys the paint coating. 

The idea of a thin tin coating as a pro- 
tection against rust is somewhat novel since 
ordinary tinplate rusts rather freely. The 
important fact is that the superimposition 
of paint entirely alters the corrosive condi- 
tions. Tin has two outstanding qualities. 
It is inherently corrosion resistant, and its 
natural oxide film is so thin that tin will 
remain bright for long periods. In addition, 
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it has a peculiar affinity for oils and lac- 
quers. These two qualities can be utilized 
to provide a permanent basis for paint even 
though the tin film is only 0.00005 to 
0.00003-in. thick. 

The use of pre-tinned sheet furnishes an 
exceptionally smooth surface of high reflec- 
tance requiring fewer coats of paint for a 
{nish of equal quality. The use of tinned 
steel, therefore, not only gives much longer 
service life but also effects a substantial re- 
duction in first costs. (Tin and Its Uses, 
No. 18, July 1947, pp. 5-7, 11.) 


Impact Properties 
of Semi-Hard Electric Steel 


Condensed from “Revue de Métallurgie” 


Electric furnace, 0.2% carbon steel cast- 
ings are ordinarily melted in France in a 
basic furnace, but an acid furnace has also 
been used. Although the only difference in 
melting practice is the addition of less 
aluminum in the ladle for the acid steel, 
the latter steels consistently show lower 
impact than the former. 

Regardless of the type of melting, alumi- 
num additions up to 0.15% were found 
to exert a deleterious effect on the impact 
of the steel as cast. The extent of the de- 
crease in impact, however, was not constant 
for all heats, as it seemed to be aggravated 
by the influence of other factors. In all 
cases, a homogenization anneal appreciably 
increased the impact, and overcame the 
deleterious effect of the aluminum. The 
recovery of impact by annealing seemed to 
be complete for basic steels, but was only 
partial in the case of acid steel containing 
about 0.6 manganese, 0.035 sulfur and 
0.035% phosphorus. 

It was possible to obtain acid steel with 
impact properties in the annealed condition 
very close to those resulting from basic 
melting, if the manganese was increased 
to a minimum of 0.7%, if the sulfur con- 
tent was lowered, and if the smallest pos- 
sible aluminum addition was used. With 
this higher manganese content, the carbon 

tent for a specific tensile strength can 
be lowered. 
ongitudinal impact tests on forged and 
annealed steel from the same heats indicated 
the effect of the aluminum was the 
erse of that found with the cast steel. 
a general rule, the impact increased with 
amount of the aluminum addition. 
in view of the work of Sims, Dahle and 
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manufacturing low temperature brazing alloys to 
produce strong, sound joints on ferrous and non- 


ferrous metals. 


Day in ond day out the automotive, refrigeration, 
electrical and other industries are using APW sil- 
ver brazing alloys...and getting good production 
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Don't wait for the next requisition...write now for 
our folder No. 45 and get acquainted with APW's 
wide range of brazing alloys. Here's a few of our 
leaders that will interest you: 


Contains 45 per cent silver. Exceptionally fast flow- 
ing. Our leading alloy for large-scale production. 


Low in cost—high in strength—hos 35 per cent 


silver content. 
APW 355 


A premium alloy for lowest temperature brazing — 
cadmium-free— highly ductile and corrosion resistant. 
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CAST AND USE THEM IN LESS THAN 24 HOURS 


with FIRECRETE 


Within one day from the time you pour Firecrete, 





your special refractory shape is ready. This quick- 
hardening refractory mixes and pours like concrete. 
It hardens with little firing and drying shrinkage. 
Highly resistant to spalling, it is the ideal refractory 
material for furnace covers and bottoms, door linings, 
baffle tile, burner rings and other types of monolithic 
construction. 


You can obtain Firecrete Promptly 
from the J-M Distributor near you 


Getting Firecrete is as easy as using it—and as fast. 
One of the 300 strategically located Johns-Manville 
distributors is ready to give you quick service. Ask 
him about Firecrete or write for folder @igummums 
RC-17A to Johns-Manville, Box 290, New 3) 
York 16, N. Y. 
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Lilliequist, the effect of aluminum on the 
size and distribution of the sulfur inclusions 
was investigated. In the as-cast steel, there 
was a tendency for the aluminum to cause 
the sulfur to form grain boundary inclv- 
sions. The favorable effect of annealing and 
hot working on the impact properties js 
attributed to a fragmentation of these inclu- 
sions. (P. Bastien. & C. Dubois. Rev, 
Métallurgie, Vol. 43, Nov.-Dec. 1946, pp. 
297-306.) 


Welding Aluminum-Magnesium Alloys 


Condensed from “Sheet Metal Industries” 


In the development of high strength, 
weldable, aluminum base alloys, it is essen- 
tial that the cast material have properties 
near those of the wrought material, that 
the properties of the latter not be seriously 
affected by the welding heat, and that the 
casting properties be good. The aluminum- 
magnesium alloys largely meet these require- 
ments. In making sound welds, the main 
difficulties are: (1) a marked tendency to 
develop porosity and blistering in and adja- 
cent to the weld bead, and (2) a tendeng 
to crack when welded under restraint. 

Blistering is caused by the absorption of 
hydrogen during fabrication. Aluminum- 
magnesium sheet with a minimum tendency 
to blister can be produced if the following 
recommendations are observed: (1) thor- 
ough degassing of the molten metal, prefer- 
ably with chlorine; (2) no use of flux for 
degassing and melting which introduces 
calcium or other reactive elements into the 
metal since these impurities favor the reac- 
tion with water vapor; (3) sound ingots; 
(4) avoidance of gas pick-up during heat 
treatment by keeping the sheet dry and by 
annealing in atmospheres as free as possible 
from water vapor and preferably containing 
traces of hydrofluoric acid to inhibit the 
reaction. In welding, the surface of the 
sheet must be cleaned mechanically imme- 
diately before welding, and the welding 
time should be as short as practicable. 

Although less blistering is found in low 
magnesium alloys, their mechanical prope! 
ties are not as good and they tend to crack 
when welded under constraint. There are 
advantages in using a filler rod of higher 
magnesium content than the basis metal, 
particularly when the magnesium content 
of the latter is under 7%. 

Material has been produced under labora- 
tory conditions which is free from blistering. 
Such material has also been produced in 
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Germany. It appears that the Germans were 
not fully aware of the precautions necessary 
to produce welding quality sheet and that 
only a part of their output, selected by 
empirical welding tests, was considered 
suitable for welding. 

Manufacturers in Britain are working on 
the problem of producing welding quality 
sheet, but the necessary precautions to pro- 
duce such material are difficult to comply 
with in industrial practice. Further work 
is required to make them more practicable. 

E. A. G. Liddiard, Sheet Metal Inds., Vol. 
24, Sept. 1947, pp. 1857-1860, 1862.) 


New High Strength 
Aluminum-Magnesium-Zinc Alloys 


Condensed from “Revue de l’Aluminium” 


Very much in the forefront of the light 
alloy field are the high strength aluminum- 
magnesium-zinc alloys. A detailed discussion 
s given of the development and properties 
f Zicral, an aluminum alloy which con- 

ins 7 to 8.5 zinc, 2.5 magnesium, 1.5 

pper and 0.25% chromium. 

Che solution temperature is 870 F + 25 

Less precise temperature control is needed 
than with duraluminum. For optimum prop- 
erties, the interval before quenching should 
be under 15 sec. Oil or water quenching 
can be used. In contrast to duraluminum, 
room temperature aging is not satisfactory. 
To eliminate the risk of intergranular cor- 
rosion, Zicral should be aged at least 5 hr. 
at 275 F or higher. Cladding with either a 
4% zinc or a 1% zinc alloy gives added 
corrosion resistance even when the cladding 
is discontinuous. Anodizing in sulfuric acid 
produces excellent surface protection. 

Unquestionably, the use of this alloy, 
vhich will develop a yield point of 64,000 
to 71,100 psi. im rolled products and 
78,200 to 85,300 psi. in drawn wire, will 
lead to a notable weight saving in parts 
constructed of aluminum, especially in air- 
planes, These characteristics are appreciably 

her than those of the aluminum-copper- 
gnesium alloys, which have a yield point 
only 45,500 to 54,000 psi. Moreover, 
fatigue limit of Zicral is about 24,200 
, whereas no other light alloy is much 
tr 19,900 psi. 

in comparison with these advantages, the 

advantages are minor. The new alloy 
quires a little more care in hot rolling 
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pactly arranged within this “package unit” developed by 
gtional Research Corp., Cambridge, Mass., is a KINNEY High 
facuum Pump and auxiliary equipment — fully connected, 
ready for work anywhere. Engineered to fit the user’s particular needs, 
the unit supplies the low absolute pressures for pro- 
ducing drug products, dehydrating foods, coating 
lenses, vacuum-testing equipment, sintering metals 
and performing countless other low pressure opera- 
tions. The compact design of the KINNEY 
High Vacuum Pump saves installation 
space — its fast pump down and low 
ultimate pressure reduce costs and short- 
en production time. KINNEY Single Stage 
Vacuum Pumps produce low absolute 
pressures to 10 microns, Compound 

Pumps to 0.5 micron. 

Write for Bulletin V-45 
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than most of the other light alloys, and jt 
has a lower plastic deformation before rup. 
ture. Design engineers must consequently 
modify their opinions and particularly must 
study new and modified methods of assem. 
bly. (P. Vachet. Rev. l’Aluminium, Vol. 
24, June 1947, pp. 189-198; July/Aug, 
pp. 225-233.) 


Aluminum Foil Production in Germany 
Condensed from “Metal Industry” 


A description is given of the rolling of 
aluminum foil and strip at Rheinische 
Blattmetal, Germany. Slabs were cut from 
ingots and machined all over. After being 
heated at 840 to 895 F, the slabs were hot 
rolled in 6 to 12 passes in two-high rever- 
sible mills to strip 0.24 to 0.28-in. thick. 
Without annealing, the strip was cold rolled 
to 0.03 to 0.04 in. in 8 to 12 passes. The 
coiled strip was edge trimmed and annealed 
at 895 to 930 F. The strip was then passed 
to a series of foil rolling mills, in which 
the width of the foil remained constant as 
the foil passed through. Normally the foil 
was given only one reduction in each mill. 
Mineral oil was dripped onto the roll during 
rolling. 

After the last reduction pass, the foil 
was passed without reduction through a set 
of rolls flooded with gasoline. For the 
standard 0.00035-in. foil, six reduction 
passes were required with only a final an- 
neal. For 0.00026-in. strip for electrolytic 
condensers, seven passes were used. Experi- 
mentally, 0.00010-in. foil had been produced 
by rolling four thicknesses together. 

The thickness during rolling was checked 
with a micrometer and, in the final inspec- 
tion, by a special electrical gage. Finished 
foil was also checked for thickness by deter- 
mining the weight of a specific length of 
foil of known width. Electrolytic condenser 
foil was examined visually for pinholes. 

High purity metal (99.99%) was diffi- 
cult to roll as it tended to work harden at 
the center of the strip but remained soft at 
the sides. The normal grade (99.3 to 
99.5%) was much more amenable, but if 
the metal was rolled too fast it work hard- 
ened and could not be rolled satisfactorily 
Pinholes were due mainly to casting defects, 
which showed up in the early stages, or to 
dust falling on the foil during rolling, which 
sometimes did not become evident until the 
final pass. (Metal Ind., Vol. 71, Aug. 22, 
1947, p. 153; as abstracted from a recent 
B.I.O.S. Report, number not given.) 
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The Government's “Ship Failures” 
Report 


THE DESIGN AND METHODS OF CON- 
STRUCTION OF WELDED STEEL MER- 
CHANT VESSELS — REPORT OF AN 
INVESTIGATION. Published by Govern- 
ment Printing Office, Washington, D. C., 
! Fabrikoid, 8 x 10% in., 164 pages. 
Not available for public sale or distribu- 
tion. Im the final report of the Board 
ened by the Secretary of the Navy to 
tigate the design and methods of 
nstruction of welded steel merchant ves- 
sels (made after the investigation had been 
progress for more than three years), 
the following conclusions were reached: 
a) The fractures in welded ships were 
aused by notches and by steel which was 
notch sensitive at operating temperatures. 
When an adverse combination of these 
irs the ship may be unable to resist 
bending moments of normal service. 


[he serious epidemic of fractures 
steel structure of welded merchant 
ls has been curbed through the com- 
effect of the corrective measures 
on the structure of the ships during 
uction and after completion, im- 
vements in new design, and improved 
struction practices in the shipyards. 
c) Locked-in stresses do not contribute 
materially to the failure of welded ships, 
» CEC. 
the opinion of the Board, the re- 
of the investigation have vindicated 
ll-welded ship. The statistics show 
the percentage of vessels sustaining 
is fractures is small. With proper 
lesign, high quality workmanship, 
steel which has low notch sensitivity 
erating temperatures, a satisfactory 
lded ship structure may be obtained 
Board also reaffirmed the statement 
t welded construction in the building 


th merchant and naval vessels had 


red it tne tse t the 
fa SuLT 
[ Wwe 
imf{ SS! i I shment 


report was divided into five parts 
Failure History; Analysis of 
Contributing to Structural Fail- 
Susceptibility to Fracture of Different 
Designs and Structural Details; 
tiveness of Certain Structural Altera- 
s; and Steel Quality. Exhibits appended 
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Bevelled Flanges— Save machining and handling by specifying 
flanges bevelled ready for welding. 


Threaded Flanges— Accurate threading on the |. D. and bolt 
holes if desired. 


Stub End and Ring Blanks— Cut to size for fabricating into 
necks, nozzles, washers, gaskets, etc. 


Take advantage of Carlson's specialized experience in producing 


and cutting stainless plate — 
Send blueprints and specifications today for prices on stain- 


less ring flanges in any size, or for any other irregular shapes in 
stainless plate up to the world’s largest. 


CARLSON inc. 


Stainless Steels Exclusively 
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| SAME SIZE DIFFERENT SIZE 
| When Finish Ground After Identical Lapping 




























































CAN TELL you / 











{ERES what happened—and what may be happening in your own 
production department: 














The two parts shown above at left were both finish-ground to 1.0003”. 
The upper part, however, had a surface roughness of 10 microinches, while 
the lower part—identical in appearance and “feel’—had a 26-microinch 
finish. Thus the latter part, with deeper “hills and valleys”, had less metal 
to be removed per unit of thickness, and was undersize after lapping. 





















Obviously, it’s entirely a matter of initial surface roughness. 














This typical production trouble is completely avoided—and so are many 
others—by specifying the surface roughness required after certain opera- 
tions, then checking at the machine with the Profilometer to. meet the 
specification. Where an attempt is made instead to control the surface by 
specifying the operation—i.e., the machine, wheel or tool, speed, feed, etc.— 
experience shows that between identical set-ups on two or more machines, 
and from hour to hour on any one machine, roughness varies from 200 to 
400%. These variations can prove to be very costly. 















































The direct-reading Profilometer eliminates all guesswork — tells you 
exactly the surface roughness you're getting, in definite microinch units. 
It can be used on practically any surface that can be produced by machining 
or grinding operations; and the above example is only one of its cost-saving 
applications. Write for informative new bulletin. 
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to the report cover: Statistical Analysis of 
Structural Failures on Welded Steel Mer. 
chant Vessels; Summary of Research Jp. 
vestigations; and Survey of Shipyard 
Welding Practices. 


Other New Books 


Hotpinc Low TempPperRATuRES wiTH BeEtTeEr ly. 
sutaTion. Published by Industrial Mineral Wool 
Institute, New York, 1947. 8% x 11 in, 4 
pages. Contains information on how to select in. 
sulation and what to look out for; data on forms. 
properties and application methods; and principle 
and significance of vapor-proofing for various types 
of wall, floor and ceiling construction. 


Manuat or Atuminum Castine Attoys. Published 
by Aluminum Research Institute, Chicago, 1947, 
Fabrikoid, 6 x 8% in., 78 pages. Free to applicant; 
on company letterheads. Contains factual data or 
the qualities of aluminum casting alloys, the 
results of a program of research carried on by the 
Metals Research Laboratory of Case Institute of 
Technology. 


ConcisE CHEMICAL AND TECHNICAL DiCTIONARY 
Edited by H. Bennett. Published by Chemical 
Publishing Co., Inc. Brooklyn, N. Y., 1947. Cloth 
64% x 9% in., 1095 pages. Price $10.00. Includes 
about 50,000 definitions covering all fields of 
scientific and technical development. A compilation 
of trade-name or proprietary products in the syn- 
thetic resin, plastic, metal, rubber, textile, food 
pharmaceutical, paint and varnish fields is a 
special feature. 


Compressep Air Hanpsoox. Published by Com- 
pressed Air §9 Gas Institute, New York, 1947. 
Fabrikoid, 6 x 9 in., 400 pages. Price $3.00 in 
U.S.A.; elsewhere $3.50. Reference text on ap- 
plications, installation, operation and maintenance 
of compressing equipment and air-powered tools of 
all types. The material formerly published as 
**Trade Standards’ is included in revised form. 


EXPERIMENTAL Stress Anatysis, Vor. IV, No. 2. 
Edited by C. Lipson 2 W. M. Murray. Published 
by Addison-Wesley Press, Inc., Cambridge, Mass., 
1947. Cloth, 8% x 11% in., 121 pages. Price 
$6.00. Twelve papers or discussions are contained in 
this volume of the Proceedings of the Society for Ex- 
perimental Stress Analysis. The subjects include: 
Fatigue Tests of Major Aircraft Structural Com- 
ponents, Precision Determination of Stress-Strain 
Curves in the Plastic Range, A Method of De 
tecting Incipient Fatigue Failure, A Machine for 
Fatigue Testing Full-Size Parts, Some Repeated Load 
Investigations on Aircraft Components, and Air- 
craft Instruments for Radio-Telemetering and 
Television-Telemetering. 


Unitrep Strates Patents on Powper METALLURGY. 
By R. E. Jager &% R. E. Pollard. Published by 
United States Government Printing Office, Wash- 
ington 25, D. C., 1947. Paper, 6 x 9 in., 139 
pages. Price 30c. More than a century of progress 
is represented by these patents, which have been 
classified as to production, handling and working, 
alloying, and application with a short abstract for 
each item. 


A Century or Sitver — 1847-1947. By Earl C. 
May. Published by Robert M. McBride &% Co., N:@ 
York, 1947. Cloth, 6% x 9% in., 388 pages. Price 
$3.50. Illustrated. Tells the story of silverware from 
the days of the early Yankee silversmiths making 
plated products by crude methods, through the 
making of britannia ware, which marked the be 
ginning of mass production, up to the plated and 
sterling ware of the present time. 
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Materials 
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lron and Steel 


Chromium-Nickel Steel. Typical) applica- 
tions, physical and mechanical fo al 


and the forging, annealing, hardening, 
forming, machining, welding, etc., of Re- 
zistal 302, a mnon-hardenable austenitic 
chromium-nickel steel, are all included in 
this 4-page data sheet, No. 302, published 
by the Crucible Steel Co. of America. (1) 


Corrosion Resisting Alloys. A guide to the 
selection of. Durco corrosion resisting al- 
loys in the form of tables listing the char- 
acteristics of Durco alloys and the resistance 
of Durco alloys to corrosive solutions is 
offered by the Duriron Co., Inc., in a 4- 


| page bulletin, No. 100. (2) 


Nonferrous Metals 


Carbide Metal. Prices and specifications of 
1325 different sizes of blanks, bars, strips, 
rods, tubes, bushings, rings, flats, tips, disks 
and shapes made of Talide Metal, a solid 
tungsten carbide metal for wear-resistant 
applications, are listed in an 8-page bul- 
letin, No. 47-WM, offered by the Metal 
Carbides Corp. (3) 


Laminated Metals. This 4-page, illustrated 
bulletin offered by the General Plate Div. 
of Metals & Controls Corp. discusses lami- 
nated metals and laminated: silver contacts 
that are available in flat stock, tubing and 
wire form in various sizes and thicknesses. 
Typical applications are included. (4) 


Metal Powders. Six types of metal powders 
and their many applications in the powder 
metallurgy, electronics, chemistry, welding 
rods and other fields are discussed in a 
single-page bulletin issued by the Plastics 
Metals Div. of the National Radiator Co. 

(5) 


Metal Powders. Complete data on a variety 
of zinc, brass, bronze and copper powders 
for use in brazing, metal spraying, powder 
compacting, and chemical processes are 
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presented by the New Jersey Zinc Co. in 
a 4-page) illustrated bulletin. (6) 


Nickel and Nickel Alloy Tubing. Complete 
data on nickel and nickel alloy small tub- 
ing—0.010- to %-in_-max. O.D.—in both 
seamless “Weldrawn (welded and 
drawn) fotm are presented by the Superior 
Tube Co. in a 16-page, illustrated bulletin, 
No. 10. | (7) 


Parts and Forms 


Aluminum and Magnesium Sand Castings. 
The facilities of the Acme Aluminum 
Foundry Co. for producing high quality 
sand castings of aluminum and magnesium 
alloys, as well as tabular data on typical 
applications, chemical compositions and 
mechanical properties, are described and 
illustrated in a 16-page bulletin. (8) 


Aluminum Castings. A variety of high 
quality sand and permanent mold alumi- 
num castings produced by- the Advance 
Aluminum Castings Corp. are profusely il- 
lustrated and described in a 4-page bulle- 
tin. (9) 


Stainless and Heat Resisting Castings. A 
complete range of Accoloy stainless steel 
and heat resisting castings for producing 
baskets, trays, fans, fixtures, pots, boxes, 
etc., for carburizing, annealing and nitrid- 
ing furnaces are listed in a 4-page, illus- 
trated bulletin offered by the Alloy Cast- 
ing Co. (10) 


Special Shaped Wire. Tabular data on the 
physical properties of steel wire, standard 
wire gages, hardness conversion, carbon 
and alloy steel weights, etc., are included in 
this 16-page, illustrated bulletin, No. 01A, 
covering special shaped wire in rounds, 
squares, triangles, keystones, half-rounds, 
full oval and flats, produced by the Page 
Steel & Wire Div. of American Chain & 
Cable Co., Inc. (11) 


Precision Investment Castings. Excerpts from 
an article on precision investment castings 
are compiled into a 12-page, illustrated 
booklet published by the Arwood Precision 
Casting Corp. (12) 


Cast Ferrous Metal. The properties, ad- 
vantages, fields of application and required 
engineering data of ArmaSteel, a cast fer- 
rous metal that combines the simplicity and 
adaptability of castings with the strength 
and reliability associated with forgings, are 
discussed in a 38-page, illustrated catalog 











offered by the Central Foundry Div. of 
General Motors Corp. (13) 


Castings. The most recent developments 
in the engineering applications of Mee- 
hanite castings are compiled into an 8-page 
illustrated bulletin, No. 25, just published 
by the Meehanite Metal Corp. (14) 


Metal Fabrication. ‘The facilities of the 
Metal Fabricating Div. of the W. S. Rock- 
well Co. for producing any kind of fabri- 
cated parts, sub-assemblies, complete as- 
semblies, and special machines for use in 
a variety of industries are described in a 
4-page, illustrated bulletin, No. 427. (15) 


Powder Metallurgy. ‘The establishment of 
the Sintercast Corp. of America with fa- 
cilities for basic research and industrial de- 
velopment in the field of powder metallurgy 
is announced in a 12-page, pocket-size 
folder. (16) 


Plastics 


Fiberglas in Machine Tool Motors. Complete 
data on the use of Fiberglas electrical in- 
sulation materials in machine tool motors 
to reduce bulk and weight and provide 
improved performance are presented by the 
Owens-Corning Fiberglas Corp. in a 12- 
page, illustrated buHetin. (17) 


Methods and 
Equipment 





Heat Treating 


Heat Treating Furnace. The many advan- 
tages of using an automatic batch-loading, 
continuous-unloading, bright-hardening fur- 
nace mounted directly on an automatic- 
unloading quench tank for efficient heat 
treating are discussed by Ipsen Industries, 
Inc., in a 4-page, illustrated bulletin. (18) 


Induction Heating Equipment. This 6-page, 
illustrated folder published by Lepel High 
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Frequency Laboratories, Inc., discusses high 
frequency induction heating units for hard- 
ening, annealing, stress relieving, soldering, 
brazing and melting operations. (19) 


Hardening Stainless Steel. This 16-page, 
illustrated booklet discusses the Super Scott- 
sonizing method of processing stainless 
steel, which gives steel a 5/1000th case on 
a finished part without warpage, and holds 
the parts to 2/10,000ths tolerance and yet 
retains the stainless qualities of the steel. 
C. U. Scott & Son, Inc. (20) 


Heat Treating Methods and Equipment. This 
32-page, illustrated catalog discusses the 
broad activities in metallurgical research 
of the Surface Combustion Corp., and the 
designing and manufacturing of heating 
equipment for the metal-producing and 
working industries. (21) 


Resistance Welding Electrodes, Tips, Holders, 
Alloys. Specifications and prices of a com- 
plete line of resistance welding electrodes, 
replaceable tips, water-cooled holders, seam 
welding wheels, special dies, and refractory 
alloys are included in this 24-page, illus- 
trated catalog, W-102, just released by 
Weiger Weed & Co., division of the Fan- 
steel Metallurgical Corp. (22) 


High Temperature Electric Furnaces. Three 
types of Wesgo high temperature electric 
furnaces for ignitions, hardening, anneal- 
ing, enameling, etc., are described and il- 
lustrated in a 6-page, pocket-size folder 
offered by the Western Gold & Platinum 
Works. (23) 


Welding and Joining 


Tungsten Carbide Brazing. The equipment 
and materials required, as well as instruc- 
tions on how to braze tungsten carbide 
tool tips or wear parts by torch, furnace or 
induction, are described and illustrated in 
a 12-page, pocket-size booklet offered by 
the Adamas Carbide Corp. (24) 


Fuel Gas for Welding and Cutting. Com- 
plete data on Airco Acetylene as a fuel gas 
for oxyflame welding and cutting are pre- 
sented by the Air Reduction Sales Co. in 
a 12-page, illustrated booklet, ADG-1050. 

(25) 


Hard Overlay Welding. This 8-page, illus- 
trated bulletin, No. 9, discusses specific 
procedures involved in industrial equip- 
ment salvage welding with various gas and 
arc rods for producing hard overlay at low 
temperature, using a variety of eutectic al- 
loys produced by the Eutectic Welding 
Alloys Corp. (26) 


Silver Brazing Alloys. The many applica- 
tions of two types of silver brazing alloys— 
Sil-Fos and Easy-Flo—during the last war 
and now in peace time are discussed in a 
4-page illustrated bulletin, No. 33, pub- 
lished by Handy & Harman. (27) 
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Multi-Range Arc Welder. How to increase 
production speed on both light and heavy 
duty welding through the use of a multi- 
range arc welder with dual control and 
remote control is discussed by the Hobart 
Brothers Co. in their 4-page, illustrated 
bulletin, No. 8731. (28) 


Arc Welding Accessories. A complete line 
of arc welding accessories, such as cable 
connectors and splicers, hammers, protec- 
tive clothing, cleaning tools, etc., that will 
be carried in stock at each of the district 
offices of the Metal & Thermit Corp. is 
described and illustrated in a 16-page bul- 
letin, No. 120. (29) 


Bronze Welding Rods. The approximate 
chemical and physical properties of seven 
types of doubly deoxidized bronze welding 
rods are included in this 6-page, illustrated 
folder issued by the Titan Metal Manu- 
facturing Co. (30) 


Electric Arc Welder. This 2-page bulletin 
describes and illustrates the new, portable 
three-in-one electric arc welder that welds, 
brazes and solders all metals, produced by 
the Tri-Arc Corp. Price is included. (31) 


Forging and Forming 


Drawing and Embossing Sheet Metal. The 
Hydrodynamic process of drawing and em- 
bossing sheet metal especially adapted for 
forming shallow sweeps and shapes and 
drawing cone shaped and tapered stamp- 
ings is discussed in a 12-page, illustrated 
bulletin issued by L. V. Whistler & S. A. 
Whistler. (32) 


Machining 


Grinding Carbide Milling Cutters. This. 16- 
page, illustrated booklet, No. M-1608, in- 
terestingly presents a group of recommen- 
dations for grinding carbide milling cutters, 


as suggested by the Cincinnati Milling 
Machine Co. (33) 


Single Spindle Automatic Machine. The new 
Model AB Dialmatic, a 214-in. single au- 
tomatic machine with electric tool drive, 
is described by the Cleveland Automatic 
Machine Co. in their 6-page, illustrated 
folder. Complete specifications are included. 


(34) 


Shapers. How various splines, cams, 
sprockets, gears, clutches, ratchets and mis- 
cellaneous external shapes can be rapidly 
produced on four available models of 
Shear-Speed shapers is explained in detail 
by the Michigan Tool Co. in their 8-page, 
illustrated bulletin, No. 1800-47. Specifi- 
cations are included. (35) 


Lubricants and Coolants. Complete data on 


a variety of cutting and soluble oils, q,. 
ting operations, functions of cutting {luids 
etc., are presented in detail in a 46-page 
illustrated booklet published by the Texas 
Co. (36) 


Cleaning and Finishing 


Melting and Dispensing Tanks. Two ney 
indirectly heated, thermostatically controlled 
melting and dispensing tanks with jn. 
directly heated dispensing valves are dis. 
cussed in a 2-page, illustrated bulletin, No 
603, issued by. Aeroil Products Co., Inc, 
Complete specifications are included. (37 


Abrasive Grains. A complete line of Car. 
bolon and Exolon abrasives, their list prices 
per lb., and general recommendations for 
surface finishing are listed in a 6-page, il- 
lustrated folder issued by the Exolon Cc 

(38 


Emulsifying Agents. A variety of non-ionic 
emulsifying agents that are not affected by 
hard water, salts, dilute acids, etc., are dis- 
cussed in four data sheets published by the 
Glyco Products Co., Inc. (39 


Protective Coating. Physical, general and 
chemical properties, specifications and ap- 
plication of Ryno-Hyde 9, a strippable pro- 
tective coating that is applied to metal sur- 
faces by spray equipment, are all included 
in a 4-page folder, No. 11, published by 
the R. M. Hollingshead Corp. (40) 


Corrosion Resistant Lining and Coating. A 
solution to metal losses from severe weat 
and corrosion, particularly in extruding 
cylinders, tubes and strainers, through the 
use of both Xaloy and Xaloy 306—as an 
internal, homogeneously-bonded lining to 
steel cylinders and as an external coating 
to steel tubes—is offered by the Industrial 
Research Laboratories, Ltd.,.in a 12-page 
illustrated bulletin. (Al 


Portable Vapor Degreasers. The many ad: 
vantages of using either electric or steam 
portable vapor degreasers for removing 
oil, grease, resins, dirt, etc., from all metals 
are presented in a 4-page, illustrated bul- 
letin issued by Midwestern Sales, Inc. (42) 


Polishing and Buffing Machines. A complete 
line of new, improved Packer-Matic auto- 
matic machines for polishing, buffing, de- 
burring and grinding operations are de 
scribed and illustrated in a 4-page bulletin, 
No. 16, offered by the Packer panenine Co 

43) 
Belt Grinder-Polisher. A new method of 
contoured and _ straight-faced grinding 
through the use of a Type C-6 dry belt 
contact wheel grinder produced by the 
Porter-Cable Machine Co. is discussed in an 
8-page, illustrated bulletin, No. 660. Com- 
plete specifications are included. (44) 


Inspection and Control 


Determining the Modulus of Elasticity. Tests 
made with the Aminco Modulimeter ‘0! 
determining the stiffness and modulus 0! 
elasticity of plastics, rubber, metals, lami 


MATERIALS & METHODS 
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Salt Bath Furnace for Interrupted Quenching 


A new design electric salt bath furnace 
‘or use with the isothermal heat treat process 
; being offered by the Ajax Electric Co., 
hiladelphia 23. This process involves in- 
rerrupted quenching such as is used in 
martempering, austempering and cyclic an- 
nealing. The quench furnace employs the 


principles of a heat exchanger to hold the, 


quenching bath at a constant temperature. 
Since the work transfers a great amount of 
heat to it, the bath must be capable of 
ibsorbing and dissipating this heat to avoid 
temperature build-up. 

In order to. provide the maximum cooling 
power, the isothermal quench furnace is 
provided with a motor operated, high 
apacity, submerged pump; the outlets of 
this pump subject the work to a fast moving 
stream of molten salt. 

In martempering and austempering, the 
work is usually austenitized by heating in 
a neutral salt bath prior to quenching in 
the isothermal quench bath. The problem 
of contamination of the low temperature 
quenching bath by salt carried over with 
the work from the high temperature austen- 











Th. salt bath furnace features a high capa- 
cy submerged pump and a salt separator. 
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itizing bath is eliminated by a recently de- 
veloped salt separator which is immersed 
directly in the isothermal quench bath. 
The isothermal quench furnace can be 
heated either by immersed electrodes for 
high temperature work, or by immersion 
heating elements for low temperature work. 


New Welding Rods and Fluxes 


An improved all position, mild steel 
electrode, No. 512, has been announced by 
Wilson Welders & Metals Co., Inc., 60 
East 42nd St., New York 17. This electrode 
has two advantages over its predecessor in 
that it can now be used on a.c. and d.c. 
reverse polarity current with the operating 
characteristics being equal. Secondly, pre- 
heating of this electrode is no longer re- 
quired to obtain porosity-free weld deposits 
that are obtainable by using either the 
stringer bead or the full weave technique. 

Recommended applications for the elec- 
trode are: welding mgh sulfur, free machin- 
ing steels; welding hardenable steels where 
no preheat is.used; welding cold rolled 
steels which normally exhibit excessive 
porosity when welded with conventional 
electrodes; weldments to be vitreous enam- 
eled after welding. 

A new silicon bronze arc welding elec- 
trode, “Sil-Trode”, has been developed by 
Ampco Metal, Inc., Milwaukee 4, Wis., for 
those who prefer to use an electrode of 
similar composition to the parent metal 
when fabricating and repairing silicon 
bronze parts. It is a shielded-arc silicon 
bronze electrode operating on _ reverse 
(positive) polarity, direct current. The 
coating and core wire were specifically de- 
signed to produce a spray type arc action, 
low spatter loss, free-flowing slag, and weld 


metal producing crack-free, smooth, dense 
deposits. The rod is primarily recommended 
for the metallic-arc welding of silicon 
bronzes, although like most other bronze 
electrodes, it may be used to weld copper, 
dissimilar metals and ferrous base metals. 

A pure nickel electrode, Eureka No. 100, 
for welding all types of cast iron has been 
announced by Welding Equipment & Sup- 
ply Co., 223 Leib St., Detroit 7. The rod 
is suited for repairing cast-structured draw- 
ing and forming dies, and is generally used 
as an intermediary material between the 
base metal and the final deposition. The 
electrode operates on either d.c. or a.c. 
welding currents, and is said to produce a 
stable, smooth and spatter-free arc action 
with perfect slag coverage of weld deposits. 

All-State Welding Alloys Co., Inc., 96 
West Post Road, White Plains, N. Y., 
announces the availability of a new flux 
for joining aluminum with dissimilar fer- 
rous and nonferrous metals at low working 
temperatures. Where this flux is used with 
aluminum solder, the joint has the advan- 
tage of being considerably stronger than a 
similar one made without the flux. This flux 
is known as All-State No. 39 Flux. 


@ A vise of solid bronze with tool steel 
fingers has been designed and is being 
produced by Benjamin Alydess & Sons, Inc., 
962 E. 167 St., New York. The ground 
jaws on the vise can hold from 0.001-in. 
in thickness to 214 in. at any point within 
the jaws. A feature is the use of tool steel 
fingers held in receptacles within the upper 
and lower jaws. There are six receptacles 
placed in the front of the jaws so that by 
shifting these fingers within the various 
receptacles, the mechanic can accommodate 
many odd shapes and sizes, i.e., disks, 
gears, balls, half balls, medallion hobs, etc. 


131 


Inclinable Power Press Has 90-Ton Capacity 


A new inclinable power press of 90-ton 
capacity is being produced by the Johnson 
Machine & Press Corp., Elkhart, Ind. It 
can be used in the horizontal position or 
tilted back at a 25° angle so that the work 
will drop away from the press without the 
use of an ejector. The new press can handle 
work up to 15 in. in depth, and produces 
44 pieces per min. 

It has an extra thick bolster plate which 
provides extra strength for heavy operations 
without reducing die space. An _ inter- 
changeable thin steel bolster is available to 
give greater than normal die space for a 
press of this size, without sacrificing 
strength. A patented tripping device is 


eri sive. 


designed to protect the operator in case of 
spring breakage. If one of the two activat- 
ing springs breaks, the other spring actuates 
the trip. If both springs should break, the 
clutch automatically disengages. Springs 
are easily replaced in 30 sec. without stop- 
ping machine. 

Capacity of press at bottom of stroke 
is 90 tons. The crankshaft has a 5*/16-in. 
main bearing, a 614-in. crank at pin, and a 
standard stroke of 4 in. Top of bolster 
front to back is 28 in., and top of bolster 
right to left is 4014 in. Bolster thickness is 
4 in. and the distance from bed to slide is 
21 in. Speed of the back shaft is 250 


r.p.m. 


men i 


oh 





The press shown here has a patented tripping device to protect operator in case of 
spring breakage. 


New Dielectric Heater Is Portable 


A new, electronic heater has been an- 
nounced by Radio Frequency Corp., Boston 
34, Mass. This unit sends what may be 
described as a beam of radio waves oscil- 
lating 30,000,000 times per sec. through the 
material to be heated. Passage of the beam 
creates heat almost instantly, and the mate- 
rial is heated inside and out regardless of 
thickness. 

This unit features portability, automatic 
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operation with no knobs to turn or meters 
to read, and complete safety with no low 
frequency current appearing above the 
chassis. 

The unit is adaptable to small soldering 
and brazing jobs as well as the hardening 
of very small diameters such as needles and 
fine wire, which cannot be hardened by 
larger machines operating at lower frequen- 
cies. 





Gas Detector Protects 
Gas-Fired Equipment 


A new gas detector for protection of 
gas-fired furnaces is being manufactured }y 
Jabez Burns & Soms, Inc., 11th Ave % 
43rd St., New York 18. 

The new instrument detects unburned 
gas from leaky or carelessly closed valves. 
or incomplete combustion; indicates on , 
dial the degree of concentration; and 
whenever a predetermined concentration 
well below the danger point is reached 
automatically operates an alarm or a cop. 
trol to shut off a gas valve in the supply 
line. It is equally effective for mixtures of 
flammable gases with inert gases, and fo; 
air-gas atmospheres. 

Gas detector cells are mounted at cop. 
venient points for automatic and continv. 
ous sampling of the gases. During norma! 
operation, a green light on the control box 
shows constantly; but whenever unburned 
gas reaches a predetermined concentration 
a red light gives a permanent signal (and 
an automatic gas shut-off valve may operate 
as well), until the affected area is purged 
Failure of current or of any part of the 
mechanism operates the alarm (or a ga 
shut-off) automatically. 


@ A new type chemical stripper that i: 
moves gilsonite, rubber base and metacry 
late finishes is being offered by Klem 
Chemicals, Inc., 14401 Lanson Ave., Dear 
born, Mich. The manufacturer claims that 
this new stripper, called Klem #74, re 
moves stubborn paints and enamels in sheets 
that the paint film is not disintegrated 
and no residue is left on the surface. 


Sheet Feeding Table Has 
Toggle-Lever Design 


For handling and feeding to presses anc 
shears loads of sheet steel up to 10,000 |b., 
the Lyon-Raymond Corp., 3727 Madison 
St., Greene, N. Y., have announced 2 
toggle-lever type feeding table. Stock may 
be loaded on table by fork truck or over- 
head means either in stockroom or at the 
press. Table is portab'e for transporting 
loads, and hydraulic elevation allows level- 
ing of load with press bed for efficient 
horizontal feeding. 

The advantage of the toggle-lever design 
is the full support given to the entire length 
of the table top—particularly desirable in 
the case of long heavy loads. Lifting action 
is obtained by hydraulic pump through 
hydraulic cylinders which operate laterally 
against the toggle-lever mechanism. Table 
guides are inverted so that no uprights 
extend above table top. 

The table top is 30 in. wide by 96 in. 
long; lowered height 22 in.; elevated height 
34 in.; total lift 12 in. Extensions for che 
table top may be furnished for the suppor 
of loads wider than 30 in. and longer than 
96 in. 


MATERIALS & METHODS 
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Years of constant use by more than a thousand 
users have proved that Lectromelt furnaces cut metal 
melting costs substantially. Here’s how: 

Top charging reduces down time, allows more 
actual time in furnace use. Electrode consumption 

Ang per ton is substantially less for a top charge Lectromelet, 

icon and power consumption is also lowered. 

ed a 

may MAINTENANCE 

over- er , 

os Lectromelt top charge furnaces eliminate serious 

wtine strain on roof refractories and superstructure, lengthen 

level- refractory life and reduce the per-ton repair charges. 

cient 

xe MATERIALS 

ngth Lectromelt top charge furnaces are ideally suited for 

le in using a wide variety of scrap—such as borings, turn- 

ction ‘ . . . ° ° 

seni ee ek te ings, trimmings, flashings and shear scrap—which is 

erally ordinarily lower priced than other types. 

Table England Birlec, Ltd., Birmingham 

-ights ee Oe ee Detailed information will be sent upon request. 

Lectromelt furnaces are available in capacities rangin 

6 in. Spain General Electrica Espanola, Bilboa P B'n8 : 
, from one-quarter to 100 tons. | 

- Belgium S.A. Belge Stein et Roubaix, Bressoux-Liege 

r the 

pport 


than PITTSBURGH LECTROMELT FURNACE CORP. 
PITTSBURGH 30, PA. 
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DEMPSEY INDUSTRIAL 
FURNACES 
Gar- O- Electric 
CONTINUOUS 


BATCH * 


) _eameaaeaa 
IMMERSED ELECTRODE 
CAR BOTTOM 


PUSHER 
REVERBERATORY 


POT 
RADIENT TUBE 


RECIRCULATING 


ALL WORK 


WIRE TREATING 

FORGING AND BILLET 
HEATING 

ANNEALING 

NORMALIZING 


CARBURIZING 
HARDENING-DRAWING 
MELTING 
HOMOGENIZING 
BRIGHT ANNEALING 


There is a Dempsey engineer near you. Whether your needs 


be small or large, do it the DEMPSEY WAY. 


Phone, wire or write—let us solve your heat treating problems. 


Dept. 2 
FURNACES: Oil-Gas-Electric-“TAILORED” by DEMPSEY 
Meet every Heat Treating Need 











Aircraft Wire—tinned or alloy 
coated and galvanized 

Armature Binding Wire—tinned or 
alloy coated 

Belt Hook Wire—tinned, galvanized 
or alloy coated 

Bobby Pin Wire 

Brush Wire—round scratch brush, 
tempered and untempered. High 
strain white liquor finish 

Card Wire—tempered, round, angu- 
lar, single convex, double convex 

Curtain Spring Wire—round, flat 

Fish Leader Wire 


Flexible 
quality 

Hard Drawn Spring Wire 

Heddle Wire 

Hose Reinforcement Wire 

Mandolin Wire 

Music Wire, bright, tinned or alloy 
coated 

Piano Wire, perfected quality 

Rope Wire, bright or galvanized, 
mild plow, plow, improved plow 

Seal Wire e Stainless Steel Wire 

Stapling Wire ¢ Stitching Wire 

Tire Wire—bronze plated 


Shaft Wire—Music Wire 


Your nearest Johnson branch will give you prompt service. 


JOHNSON 


STE Ci AND WERE 


WORCESTER 1 


AKRON DETR 
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Equipment for Inert- Gas 
Shielded Arc Welding 


Two new pieces of equipment for inc rt. 
gas shielded arc welding have been into. 
duced recently. The Hobart Brothers Co. 
Troy, Ohio, announced a new a.c. welcer 
designed for use with the Heliarc equip. 
ment supplied by the Linde Air Products 
Co., using helium or argon. This equip- 
ment can be used for welding magnesium 
alloys, aluminum, stainless steels, high car- 
bon and other alloy steels, brass, Monel, 
Everdur, and other hard-to-weld metals. 

This model embodies high frequency 


stabilization to imsure easy starting and 

















This a.c. welder is specially designed for 
inert-gas shielded arc welding. 


dependable maintenance of the gas-shielded 
arc with practically no rectification of the 
a.c. Current passing it. A window is pro- 
vided through which the spark gap may be 
observed, with a door through which it may 
be reached for adjustment. 

Pressing a foot pedal starts the arc 
through the tungsten electrode, and simul. 
taneously opens the valves permitting the 
shielding gas and the cooling water to flow 
through the special torch. Releasing the 
pedal breaks the arc, but permits gas and 
water to continue flowing for a predeter- 
mined length of time, which is adjustable 
up to 180 sec. This delaying action protects 
the weld metal from oxidation until it has 
had time to solidify after the arc has been 
broken. A strainer in the water line ahead 
of the valve is accessible through a hinged 
door for cleaning. 

The Air Reduction Sales Co., 60 E. 42 
St., New York 17, has announced that 
is marketing two new Heliwelding units, 
a machine type electrode holder, and a 
automatic unit. The machine holder 
designed for mounting on a suitable trave! 
mechanism for moving along the joint « 
for fixed position use with the work movit 
beneath the arc. It has the same barrel and 
rack as standard 13¢-in. dia. machine gas 
cutting torches. 

The automatic unit, designed for con- 





MATERIALS & METHODS 
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Go After problems like these... 


da 





colloidal 
products 


ACHESON COLLOIDS CORP. 
Port Huron, Michigan 


)ECEMBER, 









. with ““dag” colloidal graphite. Simple lubrication, because of the 
adsorptiveness of ““dag’ colloidal graphite to metal bearing surfaces, 
is a primary use. Every engineer knows of it. But the unique success of 
**dag”™ colloidal graphite in this field should not obscure its success in elec- 
tronics, photography, the process industries, and other fields in which it 
has solved stubborn problems which would not yield to other mechanical 
or chemical expedients. Moreover, Acheson engineers are constantly going 
after new problems which hove been submitted to our laboratory, develop- 
ing new products in addition to the 18 dispersions currently available. 


You will find Acheson literature interesting for its information on what 
"dag" colloidal graphite has done in many industries. You will find it 
still more valuable for its worth in suggesting ways of going after your 
own problems. 











cme eee ee re im rte cre cere rrr ree ee ee + 
This new literature on “dag” colloidal graphite is ACHESON COLLOIDS CORPORATION | 
yours for the asking: PORT HURON, MICHIGAN, DEPT. M-9 | 
A dota and reference booklet regarding “‘dag*’? Please send me, without obligation, a copy of each of the bulletins checked: 
colloidal graphite dispersions and their applica- | 
tions. 16 pages profusely illustrated. 460 : , 
———, Facts about “dag’’ colloidal graphite NAME panchena Semis _ , 
421| for ASSEMBLING AND _RUNNING-IN | 
NES AND MACHINERY. 
i 421 | POSITION__ ‘a Sell 
\ 1422 | Facts about “*dag’’ colloidal graphite } 
\\ |4 as a PARTING COMPOUND. 422 FIRM , 
\ sna) Facts about “*dag”’’ colloidal graphite 
|423| csaHIGH TEMPERATURE LUBRICANT, 423 | 
3 | STREET al 
Facts about “‘dag’’ colloidal gra 
phite for IMPREGNATION AND SUR- r 
aaiila 431 | FACE COATINGS. 431 Cry_ ——_ 
Facts about **dag” colloidal graphite in the FIELD | 
|43 | OF ELECTRONICS. 432 | STATE ' 
xt dite tain tli tty ei iti ts con ew on tab ten dn tn me te ee ee a ee 0 I 
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@® ENGELHARD manufactures a complete range of assembled 
thermocouples consisting of thermo-elements with insulators, 
protection tubes, terminal heads, couplings and various 
accessories. Thermo-elements may be platinum vs. 90% 
platinum 10% Rhodium, Reclaimed Platinum vs. Platinum 
Rhodium, Chromel vs. Alumel, Iron vs. Constantan and 
Copper vs. Constantan. 


® ENGELHARD assembled Thermocouples insure maximum 
efficiency from their pyrometer instruments because each is 
made up from selected individual parts, chosen because of 
their ability to meet the requirements of a specific application. 


Take your Thermocouple problems to ENGELHARD! 






CHARLES ENGELHARD, INCORPORATED 
900 Passaic Ave. East Newark, N. J. 








... acclaimed as the finest machine of 
its kind. A versatile, precision-made 
unit, ideally adapted to wax injection 
into both rubber and metal molds... 
can be used as either a hydraulic or 
—— THE = air-pressure operated unit. 
MOLD KIT Check these features against any 
coming soon! other wax injector on the market: 
® Hydraulic or air-pressure operation 
® Positive temperature control to within two degrees 
® Positive pressure control to a fraction of a pound 
@ Cemplete control over the quantity of wax injected 


® Complete visibility of temperature and pressure at 
all times 


@ Full two-quart capacity 
® Designed for rapid wax pattern production 
® Designed for simple fool-proof operation 


® Available for operation on any type of electric 


current ae 
Write for complete catalog 


64 W. 48th ST. + NEW YORK 19 + DEPT. M 














tinuous operation, consists of a holder. 
holder carriage and a control box. |; j; 
fully automatic and electronically contro! |e 
A feature of this equipment is that it auto. 
matically maintains constant arc length 
by compensating for set-up irregularities. 

Both units have a welding current capacity 
of 300 amp. and are fully insulated fo; 
the high frequency current which is often 
required for arc-starting and _ stabilization 
in welding. 

The machine holder may be used with 
either ac. or d.c. welding current while 
the automatic unit, because of the nature 
of its electronic circuits, operates on dx 
only. 


@ A new gas-air mixer that permits visible 
operation has been developed by Gas Appii- 
ance Service, Inc., 1211 Webster Ave., 
Chicago, 14. The mixer is designed to 
pre-mix any commercial gas—natural, man- 
ufactured, or liquid petroleum gases—with 
air in any desired proportion and in any 
desired quantity within the capacity of the 
unit. This mixture is then delivered to the 
burners under. constant pressure. 


Annealing Unit for Shapes 
Prior to Rolling 


Gas Appliance Service, Inc., 1211 Web 
ster Ave., Chicago 14, has developed a gas 
fired annealing unit for annealing the 
top section of washing machine tubs and 
similar shaped pieces, prior to a rolling 
operation. 

The annealing chamber is fired by a series 
of high velocity burners which produce a 
uniform band of heat around the top section 
of the tub. In present installations 20 to 
30 sec. are required for this section to reach 
annealing temperature, the time variation 
depending on size of tub and gage of metal 
used. 





In this gas annealing unit the part is auto- 
matically raised to the annealing chamber 
and rotated. 


This method of selective annealing makes 
it possible to anneal only that portion which 
requires further working, allowing the 
remaining part to retain its original work 
hardness. It can be applied to a variety of 
different shapes. 


MATERIALS & METHODS 

















ny 
he 


he 


to 





Now YALE... famous for 
its locks and materials han- 
dling equipment... gives you 
an enclosed electric heating 
element that you svow will 
give uniform heat. 

That’s the word we want 
you to associate in your mind 
with YALE—wniform, We're 
putting into this heating ele- 
ment the same craftsmanship 
that made “YALE” the No. 
1 name in locks... in order 
to make “YALE” the No. 1 
name in electric heat. For 
example, YALE’s famous 
manufacturing controls re- 
sult in: 


1. uniform distribution of the 
refractory within the sheath 
for uniform insulation 


2. accurately centralized lo- 
cation of the resistor—equi- 


“YALE 


Makers of the famous YALE lines of Locks, Hard- 


ware, Door Closers, Hoists and Industrial Trucks 
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(, 


distant from the sheath of a complete line of electric 


throughout its length — for heating units. You can get 


uniform heat transfer 


We are now in production at 
our Buffalo plant on the first 


immediate shipment on the 
YALE Electric Rod-Type 
Heating Unit. 








YALE £/e 


THE BRIGHT SI 
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I 
, THE YALE & TOWNE MANUFACTURING COMPANY 
i YALE Electric HEATING UNIT SALES 
l Room 1038, Chrysler Building, New York 17, New York » MUrray Hill $-6700 { 
i 
, Please use this coupon to get further information. 
, Also describe your application in space below. : 
! i 
! f 
| NAME Lda , ae : 
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weelly 4 NEW 


IMMERSION 
HEATERS 


has been developed by Amersil* 
—primarily for heating and 
pickling solutions for stainless 
or alloy steels, which: 









Eliminates lead wire corrosion by bringing the leads through a 
fused silica sidearm. 


Offers a minimum of obstruction. 
Can be installed quickly, easily. 


Provides unusual compactness. 
Insures high heat efficiency. 


Write Amersil, Department “M” for more complete de- 


tails or ask for latest printed matter. 
P tt *Trade Name Registered 


A™MERSIL COM PANY Ine. 


ENGELHARD 


CHESTNUT AVENUE HILLSIDE 5, N. J. 
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Direct Fired Heater 
Adaptable to Old Ovens 


A new direct gas fired heater for paint 
drying ovens, core and mold ovens, mois. 
ture drying ovens and industrial Processing 
ovens has been announced by the Newcom). 
Detroit Co., 5741 Russell St., Detroit 11. 
The heater mixes the products of combus. 
tion directly into the air stream. Both the 





Cut-away view of the direct gas fired oven 
heater. 


main and pilot burners are approved en- 
closed pressure type using low pressure 
combustion air. There is no open flame in 
the production department and 
control is provided. 

The heater is said to be 
adaptable for 


positive 


particularl 
“rejuvenating” old ovens with 
inadequate temperature ranges, insufficient 
capacity or inadequate heat distribution sys 
tems. It can be adapted to ovens of any 
design and readily fits into the space 
formerly occupied by the old heating system. 

The heater is available in four standard 
units—5000, 10,000, 15,000, and 20,000 
cfm. air capacities. Each of these units has 
a choice of burner capacities from 250,000 
Btu.’s to 4,000,000 Btu.’s. 


High Frequency Converter 
for Induction Heating 


A new 20-kw. high-frequency converter 
for induction heating and melting, reported 
to have simple controls and safety inter- 
locks, has been announced by Ajax Electro- 
thermic Corp., Ajax Park, Trenton 5, N. J 
The new converter incloses all parts into 
one semi-portable unit that measures 44 by 
14 by 58 in. 

The electrical circuit of the converter is 
self-tuning, with frequencies varying from 
20,000 to 80,000 cycles per sec., depending 
on the size and shape of the furnace coil 
to which it is connected. The converter 
is of the spark-gap type and has specially 
tipped copper electrodes in the hydrogen- 
atmosphere, water-cooled spark gap cham- 
ber. 

To safeguard against damage to capacitor, 
spark gap, or furnace coils, an interlocked 
alarm bell rings if the converter is turned 
on when the cooling water is not flowing 
properly. The new unit can be used fo! 
steel melting up to 30 lb.; for brass anc 
bronze alloys in melts up to 60 lIb., and 
for melting gold, silver, platinum and 
other precious metals. Heating applica- 
tions include such jobs as brazing, harden- 
ing and soldering. 


MATERIALS & METHODS 











When SCOVILL becomes your 
METAL-PARTner, YOUR HIGH- 
EST STANDARDS FOR CHROME- 


in _— PLATED PARTS CAN BE MET 

4 

LI. ' After machining, the top surface of this sink 

rd drain flange for a garbage disposal unit is highly 

oe ) = polished and chrome plated. Adherence of the 
’ 4 plate over a long service life is a prime requisite. 
J. oe, Originally made as a sand casting, the inherent 
A SE porosity of the casting plus tool wear in machin- 


NON-FERROUS ing operations resulted in a surface unsuitable 
for good plating. Brass pressure die castings 


were also tried and rejected because of porosity. 
The solution was this SCOVILL forging, which 
has dense grain structure, relatively thin 
sections, easy machinability, and complete 
absence of porosity. Plating troubles were 


minimized and the required plate adherence 
obtained. 
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LIVE 
CHECK WITH SCOVILL 
Maybe your non-ferrous metal parts 
ient would benefit by a change in design 
sy or method of production . . . Scovill’s 
ved long experience in forging will prove 
om of real value to you as it has to others. 
lard It costs nothing to find out about the 
J0' advantages of making Scovill your 
- METAL PARTner. Just fill in the 
attached coupon and mail to: Scovill 
Manufacturing Company, Waterbury 
91, Conn. Export Department: 405 
Lexington Avenue, New York 17, 
New York. 
rter 
ted 
ter- 
tro 
J 
nt 
is 
‘om 
ing 
co 
hens . . “e+ 
1) J Please send me information about your metalworking ciliies. | S CQYILL MANUFACTURING COMPANY 
: n checked: Forgings Division 
CAircraft (J Fire Extinguishers 25 Mill Street 
(_)Automobiles (J Household Appliances Waterbury 91, Connecticut 
[]Band Instruments Cindustrial Instruments 
[)Blow Torches [Plumbing Goods 
s (_j}Cameras ()Pumps rt ve cesntinecencecescacenretens seman osamar ¥egnmpapocees ea Eanantas 4h a0090ee 
[)Communication Equipment (Valves 
{_}Compressed Gas Cylinders [] Welding Equipment 
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es, VITREOSIL 
TUBES 





Protect your Gas Sampling 
against errors 


@ Unsuitable, unprotected iron tubes may aiullify 
your gas sampling, introduce serious errors. Vitreosil 
(Vitreous Silica) tubes avoid all danger of contamination. 
They cannot rust. They are indifferent to thermal shock; 
chemically inert, non-porous. When properly protected, 
vitreosil tubes give long life. May be water-cooled. 


@ The use of Vitreosil for Gas Sampling is fully 
covered in Vitreosil Bulletin No. 3. We will be glad 
to send you a copy; also to answer any specific ques- 
tions you may care to ask us. 


. Cc Write for Bulletin 3. 


THE THERMAL SYNDICATE, LTD. 


12 EAST 46th STREET, NEW YORK 17,N.Y. 





HOW THE WROUGHT BRASS 
INDUSTRY CONSERVES METAL 


No industry melting commensurate tonnage* of 
vital metal can quite match the brass mills for conser- 
vation and low melting losses. The savings of metal 
total millions of pounds; clearly the method they use 
is worth noting: 

Virtually dll the brass mills in North America use 
the Ajax-Wyatt induction melting furnace, for it has 
the lowest metal losses in the field — less than 1% — 
with superior temperature control and unapproached 
economy of operation on high production schedules 
such as we have today. 

The accepted melting tool in brass rolling mills 
throughout the world. 








* Upwards of 5 billion pounds annually. 


AJAX ELECTRIC FURNACE CORP. 


1108 Frankford Avenue «+ Philadelphia 25, Pa. 


Peet 
© “AJAX inpvctioN MELTING FURNACE 





WYATT 
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ENGINEERS 


COMPANIES 
SOCIETIES 


Engineers 


Glenn E. Hilliard, manager of the open- 
hearth department of the Brackenridge plant 
of Allegheny Ludlum Steel Corp., has been 
given the Allegheny Ludlum merit award, 
consisting of the President's Medal, a cita- 
tion and $1000 in cash for developing tech- 
niques for using oxygen as a carbon reduc- 
tion agent in the open-hearth. Under his 
supervision the process was first used com- 
mercially. The award was also given to 
Robert T. Eakin, plant manager, Carbide 
Alloys Div., for development of coal mining 
bits tipped with sintered carbide. 


H. A. Grove has joined the Atlantic Steel 
Co., Atlanta, Ga., as metallurgical engineer, 
having formerly been with Republic Steel 
Corp., where since 1936 he had been a mill 
metallurgist on alloy flat products, specializ- 
ing on stainless steel sheet and strip produc- 
tion. During the war he concentrated on 
tank and light armor plate. Previous con- 
nections had been with Aluminum Co. of 
America and Battelle Memorial Institute. 
He has been an instructor in metallurgy in 
the evening school of the University of 
Akron. 


Robert L. Klein has left his position as 
director of research and development with 
the Presmet Corp., Worcester, Mass., fabri- 
cator of powdered metal parts, to become 
president, Windalume Corp., W. New York, 
N. J., a new company making aluminum 
windows for residences. 


Vincent D. Barth has joined Battelle 
Memorial Institute to conduct research in 
nonferrous metallurgy, his more recent 
previous connections having been with 
Federated Metals Div. and Douglas Air- 
craft Corp. Joseph Gurland is also now 
connected with Battelle to engage in the 
same enterprise, holding a master’s degree 
in chemical engineering and metallurgy 
from New York University. Harold W. 
Herring, mechanical engineer, is a new 
member, engaged in research on production 
materials and methods, having been design 
engineer for the Curtiss-Wright Corp. 


Professor R. S. Green, department of 
industrial engineering, Ohio State Univer- 
sity, has been made editor-in-chief of the 
new book, “Design for Welding,” issued by 
the James F. Lincoln Arc Welding Founda- 
tion. Professor Green has had earlier ex- 
perience with the Blaw-Knox, Carnegie 
Illinois and American Bridge companies. 


Dr. Irving A. Denison has been appointed 
chief of the underground corrosion section 
of the National Bureau of Standards. He 
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Sure, Your Local “Swami” can pick a motor 
for you in an instant! But if you want 
motor counsel you can bank on. . . you'll 


consult a reputable motor manufacturer. In 
place of crystal-ball gazing, he'll advise you 
to follow practical and orderly steps in arriv- 
ing at right motor selection, For example... 























Study Your Motor Characteristics. A-c motors ? 
For most jobs they're satisfactory and eco- 
nical, D-c motors? For wide speed range; 
fast acceleration or reversal they may 
we your best bet. Synchronous motors? 
hen applicable they give you low-cost p.f. 
correction. You're still undecided? Call in 
your nearby Allis-Chalmers motor expert. 
He'll be glad to help you decide—with rec- 
onmendations backed by 50 years of motor- 
ilding ! 
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% FULL LOAD TORQUE 


First, Study Your Power Supply . . . voltage, 
frequency, number of phases; the p.f. re- 
quired by your utility. Judicious selection 
will help balance your motor capacity .. . 
lower power costs. And check the voltage 
regulation — choose motors with enough 
torque to start and carry the load. Next... 





Study the Driven Machine and surroundings. 
What hp? What starting torque? Will you 
need a horizontal or vertical motor — direct- 
connected, belt-driven or gear-operated ? How 
about surroundings — ambient temperature, 
moisture, corrosion, dust. Each calls for a 
particular type of protection. Now , 


Wise Motor Choice Saves Power; Ups Profit! 


pas, CRYSTAL-BALL GAZING methods 
are out when you're trying to get 
maximum return on your electric motor 
investment. Slip-shod selection usually 
results in over-capacity, high power and 
maintenance bills — the kind of costs 
that in the competitive era of tomorrow 
you won't be able to afford! 

That’s why it pays to know more 
about all types of motors. . . their oper- 
ation . . . limitations . . . maintenance. 
And there, too, is where your Allis- 
Chalmers motor expert can be of real 


help! ALLIs-CHALMERS, MILWAUKEE. 
A 2328 





ALLIS - CHALMER 
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has been working in soil corrosion with the 
Bureau since 1929. He is a member of some 
half-dozen technical societies. 


Charles Mahoney, metallurgist and indus- 
trial counsellor, has been made vice presi- 
dent and director of the William H. Bing- 
ham Co., Inc., Chicago 3. During the war 
he was chief metallurgist, Basic Magnesium, 
Inc. Prior to that he was chief metallurgist, 
Ken-Rad Tube & Lamp Corp. He has also 
been a consultant, providing design, engi- 
neering and market counsel. 


Max Hansen, distinguished German scien- 
tist, has been appointed associate professor 
of metallurgical engineering at Illinois In- 
stitute of Technology. He is one of the 
world’s leading nonferrous physical metal- 


lurgists. At ome time he was director of | 


research for the Durener Metallwerke at 
Duren, which first introduced aluminum 
alloys. He has authored several technical 
books and articles, including a book on the 


structure of binary alloys. 


H. C. Edwards, chief engineer of research 
and development, Timken Roller Bearing 
Co., has been made director, that depart- 
ment, succeeding J. F. Leahy, who retired 
Oct. 1 after 45 years with Timken. Walter 
F. Green, assistant manager, research and 
development, becomes manager. Mr. Ed- 
wards had had much design and develop- 
ment experience with automobile and air- 
craft manufacturers. 


Dr. John P. Nielsen has been appointed 
associate professor of metal science at New 
York University College of Engineering. 
For four years he conducted research for the 
Philips Laboratories, Inc. on X-ray equip- 
ment and electrical drilling of diamond dies. 
He had specialized in metal crystallography 
and physics of metals. 


John D. Dale, president, Charles Hardy, 
Inc., has been visiting England, France and 
Switzerland to investigate powder metal- 
lurgical developments. 


V. E. Lysaght is now directing sales of | 


the Andres C. Campbell Div., American 
Chain & Cable Co., Inc., making abrasive 
cutting and “nibbling” machines. 


George Stern, formerly chief metallurgist, 
has recently been appointed director of 
research of the American Electro Metal 
Corp., Yonkers 2, N. Y. 


Fritz V. Lenel, 
Moraine Products 


metallurgist, 
General 


formerly 


Div., 


professor of metallurgical engineering at 
Rensselaer Polytechnic Institute. He will 
continue to do research and development 
work and possibly some consulting in pow- 
der metallurgy. 


Companies 


A contract for preparation of dies and 
stampings for the bodies of the 1948 Tucker 








Motors | 
Corp., Dayton, Ohio, has become assistant | 








WHEN 
COLD 


Brickseal becomes flint 
hard as it cools — 
protects walls from 
damage. 





PPLIED LIKE PAINT—Brickseal, a com- 

bination of high fusion clays and 
metal oxides, protects refractories . . 
preserves brickwork . . . prevents crack- 
ing, spalling and flame abrasion. 

When heated, Brickseal deeply pene- 
trates the pores and joints of the bricks 
and forms a highly glazed ceramic coating 
for refractory walls, 

Brickseal is also used as a bonding 
material; it produces a tight brick-to-brick 
joint and welds the wall into one solid 
unit. Write for illustrated booklet; ask 
for a demonstration. 

Brickseal is semi-plas- 
tic when hot allowing 


it to expand and con- 
tract with the furnace 


WHEN 
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BRICKSEAL 


REFRACTORY COATING 


5800 S. Hoover St., Los Angeles, Calif. 
1029 Clinton St., Hoboken, N. J. 
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@ Centrifugal Castings of non-ferrous metals and 
alloys’... Bulletin No. 143. 


@Centrifugal and Static Castings of plain and 
alloyed irons... Bulletin No. 144. 


® Centrifugally Cast Tubular Bushing Stock (and 
solid bars) in all standard sizes... Bulletin No. 145. 


Are you thoroughly familiar with what the centrifugal 
process now has to offer? One of these bulletins could 
well be your tip-off to big new savings and performance 
advantages. Write today. We'll send all three bulletins 
if you wish. 


SHENANGO-PENN MOLD COMPANY 
1570 West Third Street ° Dover, Ohio 
Executive Offices: Pittsburgh, Pa. 


ALL BRONZES © MONEL 
METAL © ALLOY IRONS 
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Be 32H Thames Street, NEW YORK 6, N.Y. = 
A Technical Service Representatives Located in xs 
Principal Cities of United States and Canada 


‘ re AKITE y 





Specialized Industrial C leaning 
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Over-Spray 
Paint 
Building Up in 

Your Waterwash 


Spray Booth? 


yo can prevent over- 

sprayed paint, lacquer or 
enamel from coating spray 
booth back plates by adding 
a specialized Oakite material 
to the tank of your recircu- 
lating water system. 


Method of application is easy 
and economical with an Oak- 
ite material. The exceptional 
oil-sequestering properties of 
the Oakite material designed 
for this work, condition wa- 
ter so that paint does not ad- 
here to plates. Too, recircula- 
ting pump and lines are kept 
free and clean. Paint recla- 
mation is simplified, made 
more profitable. 


FREE in-plant Service 


The Oakite Technical Service 
Representative in your territory 
will gladly help you make up 
solution. While he’s there ask 
him about other Oakite materials 
for paint-stripping, descaling, de- 
rusting and related surface prep- 
aration jobs. No obligation for 
this Oakite service, of course. 


OAKITE PRODUCTS, INC. 


MATERIALS © METHODS © SERVICE 
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automobile has been let to the Hayes Body 
Co., Grand Rapids, Mich., which will ship 
stampings of the body sections to the 
Chicago Tucker plant in knock-down form 
for assembly and welding. Tucker has been 
considering purchase of a steel plant to 
insure steady supply of steel sheets. 


A new concern for production of stain- 
less-copper clad sheets is the American 
Cladmetals Co., which will produce such 
sheets at its plant at Carnegie, Pa. It will 
produce them by the Kinney process on 
a completely mechanized precision basis. 
Such sheets have been produced as thin as 
0.017-in. thick and up to 27 in. wide. 
Its heat transfer qualities is well adapted to 
cooking utensils. The original 
consists of stainless on the outside for cor- 
rosion resistance and copper inside for heat 
distribution. Later the company may clad 
aluminum to steel and silver to steel. 


The Budd Co.,,Philadelphia, is making 
available to railroads and industrial organi- 
zations its extensive research laboratories, 
test facilities and engineering personnel 


product 








under direction of Gen. G. M. Barnes, vice | 


president in charge of engineering. The 
offer applies to small undertakings as well 
as major ones. 


Harry Dixon, through the Metallurgical | 


Products Co., Brookline 46, Mass., has con- 
tract representation for all of New England, 
New York City, New Jersey and eastern 
New York for the following accounts: 
Michiana Products Corp., A. F. Holden Co., 
Stanwood Corp., A. S. Richards Co. and 
North American Mfg. Co. Mr. Dixon will 
also do consulting work on salt baths. 


The Fafnir Bearing Co., New Britain, 
Conn., has created annual scholarships for 
any one of five engineering courses at Yale 
University in memory of Elisha H. Cooper, 
who served as Fafnir’s first general manager. 
The scholarships are for $1000 per year, 
or $4000 for the entire course. 


A new aluminum reduction plant to add 
3,500,000 Ib. of aluminum pig per month 
was due to start operations Oct. 31 at the 
Tacoma plant of the Permanente Metals 
Corp. A unique feature is the scrubbing 
equipment, consisting of carefully-con- 
structed aluminum covers for individual 
pots, which trap the fumes, conducting them 
through washers. 


The General Bronze Corp. has moved its 
plant to Stewart Ave., Garden City, N. Y., 
thus combining all eastern plants and offices. 


The James F. Lincoln Arc Welding Foun- 
dation has issued a pamphlet explaining its 
annual engineering undergraduate award 


and scholarship program, the contest to 
close May 15, 1948. 


Robert B. Seger and Andrew L. Olson, 
formerly superintendent and assistant super- 
intendent, Lindberg Steel Treating Co., have 
acquired ownership and management of the 


[hredftuf, *: 
INCREASED 
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JOHN 1. MOROSIN; 


D. A. Stuars Oil Co. 
Representative 








UTnaummenimcions camneore: AML pee Teor 

... Stuart’s THREDKUT is a unique 
cutting oil carefully manufactured 
to insure the maximum benefits from 
controlled chemical activity. Its out- 
standing performance on really tough 
jobs has long been recognized and 
its flexibility proved through exceed- 
ingly widespread use. The many time- 
tested values built into THREDKUT 
are serving the leaders of the metal- 
working industry, increasing efh- 
ciency and reducing costs. 

Ask to have a Stuart Service 
Engineer discuss your cutting fluid 
requirements. THREDKUT literature 
available on request. 


STUART sercce goes 
with every barrel 
WRITE FOR DETAILS 


Qjil co. 






p.A. Gtuart 


2745 SOUTH TROY STREET, CHICAGO 23, ILL 
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Wi design engineers could un- 
doubtedly think of a much more 
practical way of shoveling snow, they'd 
probably agree with one fact brought out 
by Mr. Goldberg’s cartoon. Only steel 
can do so many jobs so well. 

When a product needs rugged strength, 
toughness, light weight and high resist- 
ance to corrosion—when it must with- 
stand intense heat or cold—when protec- 
tion against fatigue, sudden shock or 
abrasion are imperative — when good 
looks and low price are important factors 

. then steel will usually provide the 
most practical and economical solution. 


A- SNOWSHOE RABBIT 











CARROTS, BLOWING AUTO HORN. 


PENDULUM, CAUSING GE 
WEIGHT |S TOSSE 
O- SWITCH TURNS ON EL 
AUTOMATIC SHOVELS. 
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JUMPS B- GUST OF WIND STARTS | 


ARS TO TIP PLATFORM. 
FROM PLATFORM, THROWING SWITCH. 


ECTRIC MOTOR 
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Steel can be polished to mirror surface, 
plated, galvanized, painted, or perma- 
nently coated with porcelain enamel to 
add more beauty and to increase sales 
appeal. 

It can be deep drawn, forged. cut, 
twisted and bent. You can weld it to per- 
fection, rivet, punch and even stitch it. 


Its use involves no unfamiliar fabricating 
problems. 

Our steel specialists will be glad to 
assist you in applying special purpose 
U-S-S Steels to your products to help 
make them more durable, more efficient, 
less costly to manufacture, and easier to 
sell. 


CARNEGIE-ILLINOIS STEEL CORPORATION 
Pittsburgh and Chicago 
COLUMBIA STEEL COMPANY, San Francisco, Pacific Coast Distributors 
TENNESSEE COAL, IRON & RAILROAD COMPANY, Birmingham, Southern Distributors 
UNITED STATES STEEL SUPPLY COMPANY, Chicago, Warehouse Distributors 
UNITED STATES STEEL EXPORT COMPANY, New York 


7-1079 


Co 





Have you explored the possibilities of these special purpose U-S-S Steels? 


S'S STAINLESS AND HEAT-RESISTING STEELS 
fo assure high resistance to corrosion and heat, 
and to reduce weight. 

S'S CARILLOY STEELS—Alloy steels for the 
special jobs of industry. 

S'S HIGH STRENGTH STEELS to resist atmos- 
Pheric corrosion, to increase strength without 
adding weight or to maintain strength with 
reduced weight. 

5°S COPPER STEEL to give at least twice the 
timospheric corrosion resistance of regular 
tee! at little additional cost. 


IT TAKES SCRAP TO MAKE STEEL. . 


U-S-S ABRASION-RESISTING STEEL to combat 


. PLEASE TURN YOURS IN! 


Ie Ot be nD 


wear and friction. 
$-S HOT-ROLLED AND COLD-ROLLED STEELS 
to provide the basic advantages of steel, plus 
maximum economy in each job. 

*-$-S PAINTBOND—A golvanized, Bonderized 
sheet that permits immediate painting and 
holds paint tighter. 

*S-S VITRENAMEL—Sheets designed 
especially for porcelain enameling. 
-$-S ELECTRICAL SHEETS for motors, 


generators and transformers. 
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Chicago Steel Treating Co., 333 N,. Cali- 
fornia Ave., Chicago. 


The Mullins Mfg. Corp. is spending near- 
ly $1,000,000 at Salem and Warren, Ohio, 
to increase and improve facilities for making 
“Youngstown kitchens.” Among new 
equipment are an enameling furnace, pro- 
pane gas equipment, new presses, spray 
booths and drying ovens. 


The Harvill Corp. has acquired a third 
die casting plant at 4358 Roosevelt Road, 
Chicago, which does a complete job from 
design and manufacture of die casting dies 
to production of aluminum, zinc, magnesium 
and brass castings. It will increase the com- 
pany'’s capacity 50%. 


The Fairchild Engine & Airplane Corp. 
has licensed its Al-Fin process for binding 
aluminum to steel to the National Bronze 
& Aluminum Co., Cleveland, which. will 
make some dozen items by the process. 


A sound motion picture, “Looking Ahead 
Through Plexiglas,” has been produced for 
the Rohm & Haas Co., Washington Sq., 
Philadelphia, by the Jam Handy organiza- 
tion. 


The Shanafelt Mfg. Co., Canton 5, Ohio, 
maker of foundry products for 54 years, has 
moved to their new plant at 2623 Winfield 
Way N. E., Canton. Features of construction 
are expansive window areas, fluorescent 
lighting, radiant heating, etc. It is con- 
structed specifically for the making of steel 
foundry flasks. 


The Lukens Aluminum Co., Dayton, 
Ohio, has been formed as an aluminum 
alloy die casting plant. It is named from 
R. E. Lukens, president, Central Tool & 
Die Co., Dayton. The general manager of 
the new concern is W. B. Kindrick, with 
Charles Briggs as factory manager and James 
L. Erickson as director of sales and engi- 
neering. 


Societies 


A permanent stainless steel exhibit will 
be opened in early 1948 at the Architects’ 
Samples Corp., 101 Park Ave., New York, 
under sponsorship of the American Iron & 
Steel Institute and stainless steel producers. 
A feature will be a sectioned jet engine, 
showing numerous parts made of stainless. 


The Gray Iron Founders’ Society has 
adopted a “ten-year plan” for improvement. 
First year’s activities consist of sustained 
trade paper advertising, organization of 40 
local groups of gray iron foundry executives, 
a balanced technical development program, 
and extensive public relations activity. 


The Southern Assn. of Science & Industry 
will hold a South-wide conservation confer- 
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What can these NEW 
INDIUM alloys do for you? 


These alloys melt at 117° F. and higher. 
They have almost negligible shrinkage in 
solidifying—.0002” per inch. 

Among actual and suggested uses are: 


Ultra-Low Temperature Solders in delicate 
special instruments. 


Low-Temperature Fuses—for Diothermy, 
Electrical and Refrigeration Applications. 


Mechanical Safety Devices for protecting 
delicate machinery, etc., against operation at 
harmful elevated temperatures and for con- 
trolling processing. 


As transfer medium for transferring surface 
detail from one surface to another, where a 
conductive negative reproduction is desired as 
a foundation for electro forming to obtain 
Can 
be cast or sprayed against human tissues or 
other fragile materials without harm. 


metallic duplicate of original surface. 


Joining of laboratory glassware for vacuum 
or pressure seal. 


Many other applications. Describe your 


problem. Maybe we can give you the answer. 


CERRO DE PASCO COPPER CORPORATION 


Dept. 8 


40 WALL STREET 


NEW YORK 5, N. Y. 








ence Jan. 11-13 at Hotel Chamberlin, 0jq 
Point Comfort, Va., to “boost the use ind 
halt abuse of the natural resources of the 
South.” Fields covered will be soils, wa: -rs, 
forests, minerals, wildlife and marine re. 
sources of 14 southern states. 


The Gray Iron Research Institute as 
named Daniel E. Krause as executive direc. 
tor, whose main work will be to bring closer 
liaison between its laboratory research at 
Battelle Memorial Institute and its affiliate 
foundries. Membership is composed of 16 
companies, operating 22 foundries in the 
eastern half of the United States. 


The Resistance Welder Mfgrs. Assn. has 
awarded its $750 annual prize to Julius 
Heuschkel for a second year in succession, 
the latest award honoring Mr. Heuschkel for 
his paper on metallurgical aspects of carbon 
steel spot welding. He is a welding specialist 
at the Westinghouse Research Laboratories, 


The Institute of Mining & Metallurgical 
Engineers has awarded its Charles F. Rand 
gold medal to Eugene Gifford Grace, chair- 
man, Bethlehem Steel Corp., for “distin- 
guished achievement in mining administra- 
tion.” It will be presented in February. 


Dr. William F. Meggers, chief, Spectro- 
scopy Section, U. S. Bureau of Standards, 
has been awarded the Frederick Ives medal 
of the Optical Society of America for 
distinguished work in optics. He has been 


called the “dean of American spectro- 
graphers.”’ 
J. Schuyler Casey, president, M. H. 


Treadwell Co., Inc., New York, has been 
elected president of the United Engineering 
Trustees, Inc., a corporation that promotes 
advancement of the engineering arts and 
sciences in all their branches. 


The National Assn. of Metal Finishers, 
Inc., Detroit, has elected five new directors: 
Albert W. Olson, Industrial Plating Works, 
Inc.; F. A. Truden, Southern Finishers, Inc.; 
John Hilfinger, Hilfinger Corp; D. J 
Griffin, Birmingham Plating Works; and 
Charles W. Logan, Logan Platers, Inc. 





Meetings and Expositions 


NATIONAL MATERIALS HANDLING 
EXPOSITION. Cleveland, Ohio. 
Jan. 12-16, 1948. 


SOCIETY OF AUTOMOTIVE ENGI- 
NEERS, annual meeting. Detroit, 
Mich. Jan. 12-16, 1948. 


INSTITUTE OF SCRAP IRON & STEEL, 
INCORPORATED, annual meeting. 
Chicago, Ill. Jan. 19-20, 1948. 


INSTITUTE OF THE AERONAUTICAL 
SCIENCES, annual meeting. New 
York, N. Y. Jan. 26-29, 1948. 


AMERICAN INSTITUTE OF ELECTRI- 
CAL ENGINEERS, winter meeting. 
Pittsburgh, Pa. Jan. 26-30, 1948 


AMERICAN INSTITUTE OF MINING & 
METALLURGICAL ENGINEERS, af- 
nual meeting. New York, N. Y. 
Feb. 15-19, 1948. 











146 


MATERIALS & METHODS 











CRYSTOLON* hearth plates give long 
trouble-free service in heat treating furnaces. 
They are highly refractory and physically 
strong, therefore able to carry heavy loads at 
elevated temperatures. Their heat transfer 
properties are excellent and they offer great 
resistance to abrasion. CRYSTOLON hearth 
plates, like other Norton heavy-duty refrac- 
tories, are built for elevated temperatures 
and the greater the heat the more reason to 
specify Norton Refractories. 


*CR TOLON Trade-mark Reg. | Pat. OF 


NORTON COMPANY - Worcester 6, Mass. 
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by T. C. DU MOND 


Coming—A Birthday 

With this month’s ramblings we 
complete a full twelve months of Last 
Wording. It’s difficult to evaluate one’s 
own work, but we hope our avowed 
aims were met. As we said ‘way back 
in January, our aims were not lofty. 
All we wanted to do was provide a 
place for friendly interchanges of 
thoughts between editors and readers. 
This we think the department has been. 


What an Outlook! 

Last January we started another de- 
partment. Even though we are not 
sure about the progress of this page, 
there is no doubt about our cousin on 
page 3. “The Materials Outlook” has 
really taken hold. We know this be- 
cause of the comments which return 
to us. Pleased (irate) producers of 
materials credit the department with 
gaining (losing) business because of 
what has been said. For those in the 
parenthetical class above, the cause has 
not been due to misinformation; rather 
it has been because the information 
has been correct. We can’t claim a 
perfect batting average. We have gone 
off half-cocked on a few occasions, 
but our fences are being mended so 
that the bulls ate being kept out. Keep 
watching “The Materials Outlook,” we 
have a feeling it will grow in its value 
to you as well as physically. 


Only A Nephew 

Prof. H. F. Moore, who has more 
than a nodding interest in shotpeening, 
wrote to tell us that the article “Shot- 
peening of Nonferrous Metals” in the 
November M&M was interesting. How- 
ever, the professor takes exception to 
our statement that he is the father of 


ho 
— 
i) 





modern shotpeening. It’s not that the 
child isn’t one to be proud of, but 
Prof. Moore feels that his relationship 
is more likely that of a nephew. As 
this student of shotpeening points out, 
Zimmerli, Almen, Lessells and Horger 
have stronger claims to paternity of 
this modern process. 


An Unlikely Race 

There is a strange race going on 
in this country. How it will end no 
one can foresee, but it is interesting. 
It seems that the people responsible 
for the output of steel keep one eye 
on the blooming mill and use the other 
eye to scan birth reports from all over 
the nation. So far, the percentage in- 
crease in steel production is one-third 
higher than the increase in population 
That would be fine except for one 
thing. Each succeeding generation de- 
mands more steel products than the 
last. Thus, if we are ever to have 
enough steel capacity, we will have to 
call a moratorium on births, slaughter 
everybody when they reach social se- 
curity age, or make a huge jump in 
steel-making capacity. Fortunately, lead- 
ers in the steel industry are planning 
the latter. Projects under way in 1947 
and 1948 will increase ingot capacity 
by 2,500,000 tons. This increase is 
part of an expansion program which 
totals over one billion dollars since 
the end of the war. 


What A Session 

We should have questioned it when 
someone told us that a few Metal Show 
sessions were being held in the evening 
at 606 South Clark St. in Chicago. We 
couldn’t recall any hotel there, at least 
none listed in the printed programs. 


However, another editor and this re. 
dactor found the address and wen: in, 
I suppose it could be called a technical 
session, but to me what went on on the 
stage seemed more like an exhibition 
—of epidermis. Even though we felt 
we were misdirected, my partner and 
I felt ic would be rude to leave in the 
middle of things. Do you think that 
our politeness could have been due to 
the fact that we had a ringside table 
and that the girls weren't bad looking? 
Well, live and learn. 


What's That Name Again? 

We couldn’t believe it, but recentl 
a letter came to this office from 4 
resident on Skunks Misery Road. The 
rown owning this flavorful name is 
located in the fashionable section of 
Long Island. After the first shock 
passed, we wondered if the name came 
from misery the skunks suffered or 
misery they caused. 


Sudden Thought 

With all of the foremost nations 
of the world using up strategic mate- 
rials like mad in their race for power 
there could be a happy ending. If they 
all run out of the necessary metals for 
jet planes, guided missiles and the like, 
isn't it possible that war may revert 
back to the conditions of centuries 
ago? If that were to be the case, wars 
would be abandoned, since a civiliza- 
tion trained in push-button war would 
find fighting less glamorous. We know 
there isn’t the slightest chance for this 
to happen, but we can hope. 


About Time 

Like the weather, we all talk about 
fire but do little about it. Now comes 
Westinghouse with she announcement 
that its research laboratory is starting 
a project to learn all there is to know 
about fire. 


Greetings 

To those of you not receiving a per 
sonal greeting from various members 
of the staff, may we say here that we 
are thankful for your support, reader: 
ship and loyalty and that we wish eac! 
and every one of you a bright an¢ 
cheery Christmas and a most happ) 
New Year. 
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@ No housewife is tempted to “let the 


windows go another week” when they 
glide into easy-cleaning position on 
plastic tracks! 

These tracks make wrestling with 
window frames a thing of the past. 
Chey’re molded into light-hued sills of 
Kys-ite, a versatile new structural ma- 
terial that has uncounted possibilities 
in industry. Developed by the Keyes 
Fibre Co. in conjunction with Durez 


engineers, Kys-ite combines wood pulp 
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and a special Durez phenolic resin in a 
high-impact material. It has notable 
acid, water and alkali resistance, self- 
insulation, permanent lustrous finish, 
and color range. 

This sill track is an ingenious fea- 
ture of the Andersen Corporation’s* 
“Windowalls.”“ The use of Kys-ite 
adds new beauty, convenience, and 
durability. Sash are placed in one plane 
as in casement windows, yet open and 


pass each other at a touch. ‘They’re 
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easily removed and replaced without 
tools, handy for inside cleaning! 
This is one more case of fitting 
Durez phenolic plastics to a job that 
no other material might do so well in 
so many ways. If you have a problem 
that plastics may solve, why not use 
our knowledge as phenolic specialists 
. our 26 vears of background wit 
the most versatile of them all? 
Durez Plastics & Chemicals, Inc., 912 


Walck Road, North Tonawanda. N.\ 


MOLDING COMPOUNDS 
INDUSTRIAL RESINS 


PROTECTIVE COATING RESINS 
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JUST THE SAME 


THE INTERNATIONAL NICKEL COMPANY OF CANADA, LIMITED 


BEATS TOUGH CORROSION CONDITION 


This 554-foot chimney was built* 
in 1936 for International Nickel 
of Canada to handle gases from 
copper reverberatories and con- 
verters. Now, after ten tough years, 
the smoke goes up this chimney 
just the same as the day the stack 
was built! 


TEN YEARS WITHOUT REPAIR 
The gases contain SO. with mois- 
ture content slightly above atmos- 
pheric humidity. Despite this 
corrosive condition, up to the pres- 
ent time no repairs have been 
made to this stack, and no evidence 
of deterioration has been noticed. 


HERE’S WHY: 
The entire lining of this stack was 
built with acid-proof brick laid in 


Penchlor Acid-Proof Cement.** In 
addition the top fifty feet of this 
stack was further protected by 
using Penchlor Acid-Proof Cement 
for pointing the outside surface 
joints. Penchlor Acid-Proof Cement 
is a superior sodium silicate cement 
that is quick-setting and _ self- 
hardening. Its outstanding record 
of satisfactory service has been 
proved in chemical plants, steei 
mills, paper and pulp mills, oil 
refineries and smelting plants. 


SEND FOR CASE REPORT 


If you have a corrosion problem, 
you "ll be interested in further 
details about this Penchlor installa- 
tion, as well as an illustrated 
brochure on Penchlor. Write for 


Case Report Number 64-2. 


Special Chemicals Division 
PENNSYLVANIA SALT MANUFACTURING COMPANY 
1000 Widener Building, Philadelphia 7, Pa. 


NEW YORK « CHICAGO « ST. LOUIS e« PITTSBURGH « CINCINNATI e WYANDOTTE « TACOMA e« PORTLAND, ORE. 
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CHEMICALS 


97 Years’ Service to Industry 


*Built by Custodis Canadian Chimney Company, Limited, Montreal 
**Penchlor Acid-Proof Cement was furnished by our Canadian Associates 
‘ G. F. Sterne & Sons, ltd., Brantford, Ontario 





CAN BE DONE FASTER)CGLi B\AT LOWER cost 
BY AJAX-NORTHRUP HIGHSEFRICIENCY HEAT 





TOOL BRAZING 





BIG JOBS, TOO 
mies motor- -gexerator: vipment offers 
ef gritty on he t work such as heating 
ing melt an of steel. SHRINK FITS 


LOCALIZED HARDENING | MELTING 


AJAX ELECTROTHERMIC CORP. 


AJAX PARK, TRENTON 5, N. J. 
ASSOCIATE COMPANIES 


AJAX METAL COMPANY + AJAX ELECTRIC CO., INC. 
AJAX ELECTRIC FURNACE CORP. * AJAX ENGINEERING CORP. 


HIGH-FREQUENCY HEATING-MELTING 





